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INTRODUCTION. 



Dear Sib: 1 present herewith my special report upon the nnder- 
ground waters of southern Indian Territory, eastern New Mexico, and 
the State of Texas. 

The region covered is so vast and embraces so many diverse condi- 
tions influencing the water supply that 1 have been able only to treat 
it most briefly. I feel,1iowever, that in the accompanying pages I have 
at least outlined the underlying principles of the water supply and 
pointed out their availability. 

The region assigned to the writer for investigation comprised Indian 
Territory (including Oklahoma), Texas, and New Mexico west of the 
ninety-seventh meridian and east of the Eocky Mountains, including 
over 300,000 square miles. This area is such a vast extent that it was 
impossible to traverse it thoroughly, even in a rapid manner, in the 
time allotted to the work. The writer, however, has fortunately spent 
many years in its previous study, but still feels that this report can 
only be considered, with the exception of the Grand Prairie region, as 
a preliminary outline of the water conditions. 

The area has been so little studied by geographers and geologists that 
much time had to be devoted to tracing out and classifying its elemen- 
tary geographic features as a fundamental step to the geological and 
economic studies dependeiH; thereon. Bven the western limit of the 
investigation, as defined in the organization of the work, is still prob- 
lematical, for the Rocky Mountains proper cease to be a clearly defined 
feature south of the thirty-third degree of latitude, and are succeeded 
by an undefined system of unconnected mountain blocks and plains 
which have not yet been satisfactorily classified. 

The reader of these pages should remember that the regions discussed 
are radically different in most natural aspects from the older inhabited 
portion of the United States. It is far more different from New Eng- 
land than is Japan. It has more points in common with Euroi)e than 
with the great Mississippi Valley. The chalk lands and downs of Texas 
are more related to France than to the rocks of the adjacent Arkansas 
and Missouri States. This region of Texas, embracing nearly a third 
of the whole area of the artesian investigation, has more diverse geo- 
logic features than most of the remainder, which necessitates a dispro- 
portionate amount of consideration. 

The writer has endeavored to give only the laws of the occurrence 
and distribution of water, leaving to the engineers the discussion of its 
utilization. Neither is it within the province of this investigation to 
enter into an elaborate discussion of the minute geologic structure of 
this immense area, but in order to comprehend its water conditions it 
is necessary that such features be briefly described. 

47 
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48 ■•.. " ' IBRIGATION. 

I have not^TpajSe this paper a statistical one, for Prof. F. E. Beessler, 
in his excfJj^f'report, has so completely covered that field that it would 
be uselei^s t&.do otherwise than to refer my readers to his paper for all 
possibln/nformation in that line.* 

I ^Sh'tb return thanks to the people of the region for their kind and 
uns£tQfe& assistance, and above all to express my gratitude to yoa for 
thelib'eral manner in which yon have permitted me to condnct this in- 
vestigation,* and hope the report will be worthy of your approval and 
.useful to the people. 
Respectfully, 

Robert T. Hill, 
Assistant Oeologist far Texas, New Mexico, and Indian Territory. 
Prof. Robert Hay, 

Chief Geologist, Artesian and Underflow Investigation. 



I. 

THE OCCURRENCE AND AVAIUBILITY OF UNDERGROUND 

WATER. 

No substance is so universally essential and so widely distributed 
as water, yet the laws of its occurrence beneath the earth's sur- 
face are little studied and understood. Although everywhere de- 
sire<l a<ul sought for by man to satisfy the necessities of industry, 
trausportirNbn, and agriculture, the art of search for it has hardly risen 
above guess work or the superstition of the divining rod. 

Water is too abundant in the Eastern States to excite much atten- 
tion, although -the thireatened famines of this commodity warn us that 
the law of its occurrence is worthy of serious scientific investigation 
even in the humid region. 

In the western half of the United States, however, the water questioi. 
is not only serious but paramount to every other consideration, for then- 
are vast areas as large as all New England, such as the great Llam 
Estacado, without a single brooklet, river, or permanent pond upon 
the surftwje, while there are other areas, aggregating one-tenth of ou»' 
Union, which, together, do not possess a stream of the volume of th<. 
Mohawk or Connecticut and are utterly lacking In the accompaniments 
of frequent laterals and springs. Great railway lines — for example, the 
Southern Pacific — are obliged to haul water hundreds of miles for their 
engines, and have spent millions in not always judicious experiments 
to obtain an underground supply. 

Methods for the utilization of surface waters have been developed, 
and it only remains to put in practice the knowledge we now* possess 
to save and apply every particle of the available surface water of the 
land. 

The laws of distribution and utilization of underground waters are 
almost as simple as those controlling* surface distribution, but the pop- 
ular fallacies concerning them are appalling, believed as they are by 
men of more than ordinary intelligence in other walks of life. The 

• Report on the preliminary investigation to determine the proi>er location of arte- 
sian wells within the area of the ninety-seventh meridian and east of the foothills of 
the KoCky Moantaius, Fifty-first Congress, first session, £x. Doo. No. 222. 
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CONDITIONS OF SURFACE AND BUBTERRENE WATERS. 49 

most current of these erroneous ideas is that all underground water 
llows in streams "like the circulatory system of the human body,'' as 
an intelligent citizen once expressed it. The underground rivers are 
thought to supply every well and spring, and it is a curious sight to 
see the water witch or switch fakir plod over a farm with his forked 
stick trying to locate the " current." In the vast areas between the 
Kockies and the MisKissipi)i the belief prevails that all the wells are 
supplied from precipitation tipon the mountains, whose wat<iis are sup- 
posed to disappear beneath the surface to rise again a' thousand miles 
away along the coastal plain (The Galveston News^ November 7, 1891, 
p. 4, top of 4th column), while beneath the vast intervening region is 
an inexhaustible store of water, waiting for some invention of man to 
bring it to the surface. This doctrine of the " underflow,'' as it is 
called, proved so contagious in Kansas a year ago that whole commu- 
nities indulged in most exaggerated anticipations of its development. 

In view of these facts would it not be well to examine the simple laws 
controlling the distribution of underground waters: 

Surface waters are useful for commerce, industry, and navigation, 
bnt for agriculture underground waters are the sole dei>endenpe ; even 
when surface water is used for irrigation it must first become earth 
water before it can become available for the plant roots. For this rea- 
son the farmer plows the earth's crust — to increase its capacity to im- 
bibe and transmit water — or drains his field to remove a surplus of 
moisture. • 

The source of all underground water is the rainfall, but with few ex- 
ceptions the underground supply in any region is not proportionate to 
its rainfall. Of the rain which falls upon the earth's surface, part is 
evaiwrated or quickly drained to the sea; the remainder is absorbed by 
the soil and other rocks. 

All the materials composing that portion of the earth's structure 
visible to human inspection, inappropriately known as the crust, are 
more or less saturated with water. In arid regions or in times of 
drouth this may not be apparent or at the immediate surface where 
the moisture is dried by evai>oration, but a fresh excavation — a post 
hole, a plow furrow, a blast in a quarry, or a newly dug well — will re- 
veal the contained moisture of the earth's crust. 

This moisture or earth water may be scarcely^ visible or may occur in 
great abundance according lo the compactness or porosity of the rocks, 
the number of fissures, joints, and crevices, and their topographic sit- 
uation. 

If rainfall be long continued the portion of the crust upon which it 
falls becomes completely saturated. Upon cessation of the rainfall 
evaporation or drying begins at the surface, thus causing the line of 
visible moisture to become deeper and deeper. The line of visible 
moisture is known as the line of saturation or earth water, and its depth 
in any area decreases with the rainfall antl increases with evaporation 
(temperature and wind movement). 

Thus it is that in the eastern part of the United States, where rainfall 
is excessive and evaporation slow, the line of saturation is usually near 
the^urface, while in the arid regiins, like the Llano Estacado and the 
great basins, it is often several hundred feet below the surface. 

Although the belt or portion of the earth's crust between the sur- 
face ami the line of saturation may be apparently dry, evaporation is 
constantly going on, the soil serving, like the wick of a Lamp, as a me- 
dium of capillary attraction, by which vast amounts of moisture are 
conducted to the surface and evaporated 
S. Ex. 41, pt. 3 4 
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The percent-ajye of the water of the earth's crust tbat escapes 
evajmiatioii is not doHiiitely determined, but, ovvin^ to the surface, 
posed, it must tar exceed tbe amount escaping by all other metha 
The water evaporation is of no direct ap[)lication to man and is 
further considered. here. 

If tbe earth's surface were of uniform porosity, temperature, a 
composition tbe water it contained wouUl be uniformly distribal 
tbrou^h it^^as is tbe water in a well-soaked sponge. 

Tbis is not tbe case, howe\'er, for the outer portion of our globe 
com[)osed of rocks of much greater porosity and less density than t 
interior, wbile tbe downward percolation of surface water can extei 
but a short distance, because it encouuters the superheated matter 
the earth's interior and is either forced back towards the surface 
steam (as in the case of geysers and volcanoes) or enters into minerd 
combinations. Hence we must conclude that the earth water is ecu 
lined to that portion of the earth's crust between the lines of heat^ 
interior and surface evaporation. . *^ 

Even in this narrow belt the distribution of water is very irregal 
for in places, a« on the Llano Estacado, holes 300 feet deep can 
drilled through soil and rock as dry as powder without reaching wat^ 
wbile in ISew Orleans water is so near the surface that graves can 
be dug lor tbe dead. 

The unequal distribution of water in the saturated portion of tl 
earth's crust is due to the difference in porous texture of the diffen 
rocks which compose it, their arrangenx^nt relative to one another, 
amount of rainfall and surface evaporation and tbe relative altiti 
above or below the adjacent drainage level. 

All rocks imbibe water in proportion varying with their pbysi 
structure, a fiict which can be demonstrated experimentally by sat 
rating familiar types of rock, sand, brick, chalk, glass, marble, an 
granite. The glass is similar in water cai»acity to large areas of vo 
canic and other igneous rocks, and will absorb no perceptible amou^ 
of moisture; marble will drink iu a slight quantity ; tbe chalk, sau 
and brick will absorb nearly their own weight of water. 

The manner in which rocks imbibe water is sim[)le. In most rocki 
however compact to tbe eye, there exists interstices, cavities, and oth 
spaces between the minute particles which compose the mass, iu wbi< 
M^ater may enter and be stored. This is especially true of all se<] 
mentary rocks, which compose ninety nine one-hundredths of theearttt 
crust. A fine sandstone, whose grains and intervening spaces may I 
indistinguishable to the eye, when placed under a microscope resembl 
a load of cobblestones, in which tbe si>aces occupy as much of the ff 
gregate mass as the solid stones themselves. Into a gallon measure^ 
dry pebbles, varying in size from an t^gi^ to a pin head, may be pouw 
half a gallon of water. 

Orystiilline rocks, as a rule,'are more cor»ipact and less adapted! 
the storage and passage of water than seilimentary rocks. N" 
all the minerals which compose them are imi>ervious, a.s is readily 
in a large crystal of quartz, fehlspar, mica, and others. Hence, if a 
rock is composed of closely woven crystals of massive rocks— quart 
granite, basalt, lava— its water receiving and transmitting power 
minimum. But nearly all sedimentary rocks are composed of luinii 
fragments of other rocks, which have been broken, transported, ^ 
arranged by the water according to their size. Most of these fragnii 
are minute crystals or pieces of crystals, and therefore the water 
ditions of the rock depend upon the size and abundance of spaces 
tween its particles rather than upon its composition. 
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THE CAPACITY OF ROCKS TO ABSORB WATER. 61 

The diffcreiit capacities of rocks for holdiug w£^ter have tieen taba- 
lated by M. De Lerse, of France, and others. 

[Proportiona of water absorbed by 100 parts stone.] 

Great oolite, Bath 31.20 

Sandstone, pure qnartzose 29.00 

Chalk of upper liorizon/pure 24 10 

Calcareous freestone 18.03 

Sandstone (Gres de Beanch<amp) i:j. 15 

Sandstone, impure 4.37 

Coalsbale 2,95 

Poi-pbyrilic trachyte.: 3.70 

Basalt 0.83 

Sibeiuinn plate -.., 0. 19 

Granite (fine grained) 0. 12 

Hornbleudic ^-anite 0.06 

Hocks which have imbibed all the moisture they can contain are in a 
condition of saturation, and ail water in excess of this amount will pass 
oflF by aid of gravity, capillary attraction, or evaporation. The excess 
of water in rocks above the water of saturation is available as the 
source of springs, wells, and artesian supply. 

If experiments with these materials are continued, each rock will be 
found to possess a diflerent capacity for the transmission of the water 
which it has imbibed, and the capacity for transmission is entirely dis- 
tinct from its capacity for imbibition. If the component particles — for 
instance, the quartz f)ebbles of a loose conglomerate or the grains of a 
sandstone — present a smooth imi)ervious surface, water will cohere to 
the individual surfaces until the entire particle is enveloped in a coat of 
water. If the interstices are smaller than the average drop of water 
the resistance of cohesion to the free transmission of water will be 
greater; hence a chalk or a fine-grained brick will drink in much water 
but transmit little, while water will pass freely through coarse gravel. 
Capacity for transmission in variously grained rocks and the accom- 
panying cohesion is similar to that seen in parsing water through sieves 
of different mesh. Thus some chalks with exactly the same capacity 
for imbibition as sandstones transmit water six hundred times slower. 

These materials with radically different capacities for imbibition and 
transmission of water have been sorted into definite sheets or strata by 
the water which deposited most of them, so that another important 
iactor in thequeijtion of underground water is introduced, the stratifi- 
cation or arrangement of the rocks relative to one another. Earth water 
percolates downward through a porous stratum until an impervious one 
is reached (Figs. I and 5), while an impervious stratum at the surface 
will prevent the saturation of a pervious one below. 

Stratification performs the important function of controlling the dis- 
tribution of earth water, of resistance, transmission, and storage. 

If the rock stratum is. pervious and horizontal it will simply serve as 
a sponge to hold whatever water it receives until distributed by evap- 
oration or seepage, unless the supply is constantly renewed by rainfall. 
(See Ph I, Fig. 1.) 

If an impervious sheet is above an outcropping porous stratum it 
opposes the tendency of water to rise by hydrostatic pressure, and if 
below, it opposes the force of gravity by preventing the water from per- 
colating to greater depths. If vertical enough Irom faulting or folding, 
the strata cut oft* the horizontal transmission of underground water. 

If strata are inclined, water is transmitted by gravity in the direction 
of inclination, i. e., wiUi the dip ; and if the topographic conditions are 
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favorable flowing wells can be obtained at points more or less distant 
from tbe outcrop. (See Fig. 2.) 

If the strata incline in a direction opi>o8ite to the general slope of the 
country, no matter how favorable the conditions may be, they will fur- 
nish no flowing artesian supply, for water can not rise above the height 
of the rec4 iving area. ( Fig. 3.) 

If strata are excessively inclined, as in most mountain regions, arte- 
sian wells are improbable, if not impossible, over any wide area. In 
folded, mountainous regions the strata will soon dip below all available 
boring; hence the generally accepted idea that artesian wells are pe- 
culiar to regions of great stratigraphic disturbance is fallacious, except 
when the condition exists as in Fig. 4. A dip of 1 per cent is hardly 
visible to the eye, but it will carry a stratum downward 52.8 feet per 
inile, or 528 feet in 10 miles. A dip of 10 per cent, which is hardly no- 
ticeable, will carry a stratum 528 feet in a mile, or 5,280 feet in 10 
miles. A dip of 45 degrees will carry a stratum deeper in a mile than 
any drill has yet penetrated. 

It may now be said that the most favorable and usual condition for 
artesian wells is that of strata inclined slightly at an almost impercepti- 
ble angle with the surface slope. This condition prevails in gently 
sloping basins and not in mountains. * 

Theoretically, this arrangement atTords a large exiK)sure of the receiv- 
ing stratum for the imbibition of water and underlies an extensive area 
in which wells can be obtained. All the great ai tesian well areas of 
the United States are of this type, that of the Atlantic Gulf coast of 
Dakota, and of Texas. 

The receiving area-of an artesian system is the area of outcrop of the 
water-bearing stratum. Its extent is proportionate to the thickness and 
inclination of the stratum, and its value for receiving and transmitting 
water depen<ls ui)on the area of its outcrop and its porosity. The out- 
crop may be of any topographic form, but is usually in a valley of strati- 
fication which is topographically higlier than the outcrop, as iu the arte- 
sian areas of Texas (See Fig. 1), New Jersey, and elsewhere. 

Most sedimentary rocks occur in definite succession, t. e. sands over- 
laid by clays, and by these limestones, representing the deposits laid 
down at shore, in shallow watei* and at the nearer shore or moderate 
depths, respectively; hence when a well is begun in rocks of the lime- 
stone group a great volume of water must "not be expected until se\'eral 
strata of clays are passed through and the basal sands penetrated. 

This sequence or triple succession is not always present, for often 
the upper limestones and clays have been removed, but the lower mem- 
bers may usually be expected, for it is very exceptional that a clay or 
chalky limestone is deposited unless preceded by sand. 

INFLUENCE OF TOPOGRAPHY UPON DISTRIBUTION OF EARTH 

WATER. 

If the surface were a dead level not grooved by river drainage, and 
were a homogeneous mass, earth water would sink to the line of com- 
plete saturation, which would be at a uniform depth, as it is in a flat, 
undrained field. 

But the earth's surface is broken into mountains and plains and the 
plains are scored by valleys, just as the farmer's flat field is marked by 
drainage ditches ; therefore, through the percolation caused by gravity 
the line of saturation sinks towards the level of the lowest adjacent 
drainage valley whose streams are usually fed by the water of saturation 
escaping at their level. (See Fig. 7.) 
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TRANSMITTING POWER OP ROCKS AND WATER. 53 

There are two kinds of valleys in the West — stream valleys and basin 
valleys. The former are the product of erosion throngh the rock mass, 
caused by running streams seeking base level ; the latter are the filled- 
in depressions of vast iutermountain areas, like Salt Lake Valley of 
Utah. The stream valleys reduce the line of saturation of the adjacent 
regions to tlieir level and carry the earth water to the sea. Basin val- 
leys store the surface water of the adjacent monntains by imbibing 
and retaining it in their loose, i)orous strata. (See Fig. 6.) 

Topographic irregularities have important bearing upon the success 
or failure of artesian wells^ but not as great an influence as is pofiularly 
supposed, for the receiving area of artesian districts is more often a 
level or valley of stratification than a protuberance. 

In mountains of disturbed strata, not horizontal, water level is re- 
duced toward that of the surrounding plain. 

Mountains, in general, owe their existence to the compactness and 
imjierviousness of their structure, conditions which render them of sec- 
ondary importance in a discussion of underground water, since they 
are quickly drained of their rainfall, except that which becomes crevice 
water or is retarded by vegetation. 

Impervious mountains are often important in concentrating the drain- 
age of a large area upon the porous surface of a basin-shaped plain 
occupying their center (Fig. 6) ; they actually double the efficiency of 
the rainfall for the basins; this fact is of especial value in the south- 
west, where the country is of impervious mountain and porous basin 
structure. 

In the case of buttes and mesas, which usually consist of horizontal 
strata, the line of saturation is reduced by gravity towards that of the 
plain or valley which surrounds them (Fig. 6). 

As a rule, the degree of consolidation of an impervious stratum has 
little bearing upon its function in artesian wells, soft clay shale is prac- 
tically as imi)ervious as a hard slate; hence the incorrectness of the 
popular idea in the West that a hard rock must overcap the. water- 
bearing stratum. Consolidation, however, does decrease the trans- 
mitting capacity of pervious strata, since this power is produced by 
])ressurft which decreases the interstitial spaces of the rocks, or by min- 
eral cement which fills the pores; hence, most of tlie great waterbear- 
ing areas are composed either of loosely cemented or unconsolidated 
sand. 

WATER CONDITIONS MOST FAVORABLE IN THE NEWER (NEO 

ZOIC) FORMATIONS. 

The older formations of the earth are more consolidated, metamor* 
phosed, and disturbed than the newer, and hence they occur in but few 
])laces in the continuous sheets necessary to great artesian development. 
The newer rocks (post Carboniferous) are less consolidated, less dis- 
turbed, less metamorphosed, less broken, and therefore are better 
adapted for imbibition, percolation, and transmission of water. Thus 
it is t hat with a few exceptions, the great artesian areas of the world are 
in the Trinssic, Jurassic, Cretaceous, Tertiary, and Quaternary rock 
shoe ts, which, as will be shown, play an important part in the region 
under discussion. 

A section from the Gulf coast to the Hocky Mountains, say from New 

Orleans to Las Yogas, will illustnite the principles I have endeavored 

. to explain (see Profile No. 3). From the coa«t to the ninety seventh 

meridian is a large series of porous sheets of strata inclining with the 
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surface at only a slightly greater angle. This represents, with one or 
two exceptions, the condition of the entire Atlantic seaboanl. These 
strata constitute the rocks from latest Jurassic to present time and rep 
resent a series of ancient coastal deposition plains; nearly everywhere 
throughout their extent artesian wells are obtained from New Jersey to 
Texas. 

This series rests u|>on anotherof older rocks which incline to the west- 
ward and against the topograpic slope and outcrops between the ninety- 
eighth and one hnndrefl and first meridian. No successful artesian 
wells of large volume have been or are likely to be obtained in this re- 
gion. A similar negative condition exists in that portion of northea*st<*rn 
New Mexico-whiifli 1 ha\^ termed the Las Vegas shouhler ; ex]»erinien tal 
wells of great depth have been drilled without success at Trinidad and 
Las Vegas. 

The principle that greatly disturbed or mountainous areas are uot fa 
vorable arti^sian areas is illustrated in the dip of the strata of the Rocky 
Mountain front, south of the Arkansas, the excessive angle of which 
almost immetliately carries them beyond the reach of man. 

The intiueuce^of structure and imbibition is shown in the basin plains. 
(See Fig. 6.) These vast stretches of land in the arid region have boen 
looked upon by the professional geologist as unworthy of experimentation 
for artesian water, owing to the absence of consolidated strata and the 
prevailing fallacious idea that the "upturned edges of the adjacent 
mountain regions were the receiving area of all underground water." 
Although unconsolidated, the rocks of the ba^in plains are alternations 
of porous and impervious beds and hence are valuable artesian are^s; 
by experimentation in boring in proi)erly selected sites consideraIHe 
water may be obtained. Non-flowing wells have been secured in many 
of the most unpromising plains, even in Death's Valley; as furnishing 
water for stock, these wells are very important. 

The geological age of strata is of secondary importance in determin- 
ing the occurience of underground water, although it is a remarkable 
fact that with two exceptions the underground waters of our country 
are obtained from the Neozoic or later formations and from these only 
where they occur in gently sloping plains or basins, and not as upturned 
mountain rock. 

From these fundamental principles of the occurrence of underground 
water it is seen that the whole (piestion of distribution is primarily a 
geological one, and hence a properly constructed geological map would 
illustrate the underground distribution of water. For instance, a good 
strata map of the country would show the relative capacity of ditFereut 
subareas for imbibition. 

This would be practicable on an extensive scale in the West, espe- 
cially in the Texas region of the United States, where the formations 
have great areal development. Aj)proximately the same amount of 
rain falls upon a great diversity of country, some of which contains 
great stores of water while others are entirely lacking in this essential. 
For instance, the mountains of the Trans Pecos region are mostly com- 
posed of hard, impervious rocks — compact limestones, quartzites, and 
eruptive rocks. Less than 1 per cent of the rain falling upon these 
rocks is absorbed, except such as finds its way into the structure by 
cracks and fissures or along lines of contact. As a result of this condi* 
tion, the water, after every shonrer, quickly flows down the slopes to the 
extensive flats which occupy the valleys between the mountain ranges. 
These flats (see Fig. 6), as well as the entire surface of the Llano Esta- 
cado, have a structure entirely different from the adjacent mountains 



Digitized by 



Google 



t>HREATlC WATERS OF THE LLANO ESTACADO. 55 

and are for the most part, composed of loose, porous stands .and gravels 
so that every drop of rain that touches their surface is iranjedlately 
absorbed and does not flow off in streams. This explains the utter ab- 
sence of running water 9n the surface of these flats and its abundance 
stored in the structure beneath. Not only does this basin and plain for- 
Illation (see Figs. 1 and 6), imbibe all the rain which falls upon its 
surface, but the great torrents which pour down the mountain sides 
and caiions disappear immediately upon reaching the plain, being im- 
bibed by its porous structure. The constant streams, also, which flow 
from the snow-clad peaks or mountain springs, such as the Seven Rivers, 
the Tularosa, and the numerous lost rivers of New Mexico and Texas, 
quickly disappear upon reaching the plain. 

J inmediately underlying the porous beds of the Llano Estacado, which 
is the latest and capping formation of the area, is an im2)ervions forma- 
tion consisting of red clays called the Ked Beds (Fig. 1). These consti- 
tute the surface of a largaarea of country east of the Llano in Texas, 
known as the Concho- Abilene country. This formation does not imbibe 
water freely like the Llano Estacado. Consequently its waters drain 
off rapidly and its surface is eroded with many dry creek beds or arroyos 
which contain running water. The rainfall upon these clays quickly 
flows away to the rivers and from the rivers to the sea, so that the i)eople 
of eastern Texas often see great rises, usually disastrous overflows, of^ 
the red waters which quickly follow rainfall in the Abilene-Concho 
country^ 

Again, to the eastward there is a vast area of country known as the 
Black Prairie and Grand Prairie regions. These are underlaid by 
chalks, chalky clays, oolites, and chalky marls. All these, formations, 
except the clays, are nearly as porous as sand and imbibe nearly as 
much water. This region, too, drinks in much of the rainfall, but not 
as much as. the Llano. 

If it were possible to view this region of mountains, Llano Estacado, 
Red Beds, chalks, and sands while a rain was falling uniformly over the 
whole region, the following diverse phenomena would be seen: First, 
torrents pouring down the impervious mountain sides to the plains and 
there disappearing beneath the level surface ; second, the level surface 
of the Llano, void of streams or surface drainage, immediately absorb- 
ing the water or temporarily collecting it on the surface in lakes, like 
liquids in a chemist's Alter, until it can pass downward ; the impervious 
Ked Bed plains, like the mountains, covered with rills, rivulets, and tor- 
rents laden with sediment, which soon flow into the arterial drainage of 
the Red, the Brazos, or the Colorado. The rainfall upon the chalky 
regions and the oolites is imbibed almost as quickly as upon the Llano, 
except in the clay areas. 

Alter the rain ceased an observer would be impressed by the fact that 
the representative rocks of the different areas exhibited capacities dif- 
ferent not only for imbibing water, but also for transmitting it through 
their structure by percolation, and those rocks which imbibe the least 
water, like the limestones, porphyries, and quartzites of the Organ, the 
Guadaloupe, and other trans-Pecos mountains, most slowly transmitted 
it, so that for days, perhaps months, springs and seeps flow from the 
crevices and contact plains of the high mountain slopes, keeping alive 
delicate ferns and rare plants. On the surface of the Llano, except 
where slight quantities of clay are mixed with sandy loam, in an hour 
or two there remain:^ little evidence in the dry surface that a shower 
has fallen, the water having quickly penetrated to depths beneath. 
The chalks* the oolites, the marls, and the sand exhibit similar phenom- 
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ena with slight variations. The red beds and clay areas, snch as the 
Black Waxy and Abilene jcountries, which have much clay in their 
structures, although imbibing much less water than the oUier reinons, 
are wet and moldy for many days, according to the amount of clay 
they contain. 

These great differences are due to the different degrees of porosity or 
percolation of which the rocks are capable. 

In conclusion, it is well to consider the application of these principles 
to obtain underground water in the vast arid regions of the United Btat^ 
and Mexico. First, it is apparent that the best conditions for securing 
underground water are not in consolidated or raonntain rocks, as shown 
by the futile experiments of the Government well borings nnder Capt. 
Pope in 1858 and the numerous failures of the Southern Pacific Ko^id — 
all of which were drilled with the idea that the earth water came from 
the mountains. But, on the other hand, the most sterile sandy upland 
plains, like the great Jornado Mnerto, or fllledin river valleys, like that 
of the liio Grande, are the most favorable locations for imbibition and 
storage of underground water. 

By taking advantage of this law hundreds of wells, nonflowing it is 
true, have been obtained npon the greatest of our supposed waterless 
plains, such as the Llano Estacado and the Franklin-Hueco basin north 
of El Paso. 

The artesian wells throughout the arid regions also demonstrate this 
principle — especially the wells of the great basin — plains of Utah, 
Colorado, and California. 

The supply of underground water is sufficient to reclaim for agricul- 
ture by irrigation only a very small fraction of our desert lands. Yet, 
by a[>p]ying these principles, thousands of wells can be obtained upon 
areas now absolutely waterless, which would be of great value to over- 
laud commerce and to herders, and would save large amounts of money 
now wasted in unprofitable experiments. 



n. 

GENERAL OUTLINE OF THE TEXAS-NEW MEXICO REGION. 

The areas treated in this paper are so vast and differentiateil that it 
is ]»os8ible only briefly to define them, including as they do portions of 
most of the conspicuous topographic features of our country accompa- 
nied by their diversities of climate, geologic structure, and cultural iios- 
Kibilities. (See PI. ii.) 

T<>iK)gra])hically the whole region consists of a series of extensive 
elongated parallel dip plains and plateaus (see Profile 3), extending 
approximately in a norlh and south direction, and abruptly terminating 
at each end by a great mounttiin system, extending at right angles to 
tlunn — an arrangement comparable to a wide stairway, in which the 
sti'ps are represented by the plains and the walls by the inclosing 
monntain.s. 

This analogy can not be carried too far, however, because great irreg- 
ularities an<l depressions will be found in the width an<l ti*end of the 
steps, and the structure of the two mountain systems wliicli re|>re8eut 
the iiicflosing walls is of two entirely different types and periods of archi- 
tect nve ; moreover, the escarpments of the steps in mo3t cases face 
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f westward or npstairs, while the plainsj succassively dip beneath each 
other. The weiir and tear of time has .scarred and disfigured the region, 
leaving depressions where the drainage or other erosion iias crossed the 
plains and worn the mountain walls. 

I have previously shown* the most salient features to consist of the 
following subdivisions, whose details will be discussed in the succeed- 
ing chapters : 

1. The eastern division. — A. series of present and ancient coast depo- 
sition plains, consisting of strata of Trinity and later age, cover the 
eastern half of the State, and collectively form what I call the coast- 
ward incline. This includes the coast orairies, the Washington prairies, 
theoo-lignitic or forest region, the Black prairie, the Grand prairie, and 
the two cross timbers. The Llano Estacaiio may be generally classified 
with this region, but for the present 1 prefer to treat it separately. 
This division includes a great variety of surface aspects, and occupies 
the eastern third of the State of Texas. This can be shown by a line 
drawn through Montague, Millsap, Stephenville, Comanche, Lampasas, 
Burnet, and Del Kio. Its total area is about 172,800 square miles. The 
eastern half of this division is essentially similar to the adjacent low- 
lands of the Gulf States. The western subdivision or Black and Grand 
prairies are uniquely Texan and are the chalk region of the United 
States. 

2. The central denuded region, founded upon the great Paleozoic and 
early Mesozoic (red beds) rock sheets which dip westward, rest uncon- 
formably beneath the group of the coastward incline and are exposed 
by the removal of the latter by erosion or by being upturned in the two 
great mountain systems which limit the region — the Ouachita on the 
north and the basin ranges of the trans- Pecos country and northern 
Mexico on the west. This division is between the eastern division and 
the great Llano Estacado, and may be classified into three principal 
subilivisions : (a). The country of the Coal Measures, underlaid by the 
peculiar sands, clays, and limestones of the Carboniferous system of 
rocks. It includes nearly all the eastern half of the Indian Territory, 
except along the Red River border, and much of the counties of Jack, 
Young, Palo, Pinto, Montague, Stephens, Shackelford, Eastland, Erath, 
Brown, Parker, Coleman, McCulloch, and San Saba. (h). The Burnet- 
Mason country, couvsisting mostly of granite and metamorphic rocks 
and older limestones, (e). The red bed region, including the peculiar 
red lands of the Concho, Abilene, Wichita, and Oklahoma regions. 

3. The mountain systems. — (1) The Ouachita system of Arkansas and 
Indian Territory is older than the plains of the coastal system, which 
were laid down against it, and separates the Texas region from the 
Kansas. (2) The Basin Mountains, west of the Pecos and south of the 
Rocky Mountains proper (which end near Santa Fe), are composed of 
the uplifted, foldecl, and crumpled southward edges of the earlier ot 
these plains, i. ^., those found on rocks of Cretaceous age. The Rocky 
Mountains proper form the northwestern limit of the region and are not 
discussed in this paper. 

4. Remnental plains of later or allied age to the RocJcy Mountain up- 
lift, — These surround the southern and eastern border and may be 

• Tho writer has made preliminary defiuitiouR of this rej;ion in three earlier papers: 
1. '*The Neozoic Geology of Sonthwest Arkannas," vol. 2, First Annaal RejMirt of 
8tate Geolofiist of Arkansas. Little Rock, IHHS. 2. ''Classification and Origin of 
the Chief Geographic Features of the Texas Region," American Gex)logi8t, Jan. and 
Feb., IdDO. :$. HnllHtin 45, U. S. Geological Survey. " Present Condition of Geo- 
logic Knowleilge of Texas." 
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classified aa tbe eastern continnation of the plateau legion of the West. 
Tbey include the Llano Estacado and the Raton Las Vegas plateaa 
and were once continuous with the eastern division, but have beeu 
separated by the great denudation which laid bare the central denuded 
region. These plains occupy 91,200 square miles of northwest Texas 
and New Mexico. • 

5. Basin Plains lie between the mountain blocks of the TransPecos 
region and are continuous in genesis and every physical aspect with 
the Groat Basin region of Utah and Nevada and the so called Bipfb 
Plateau of Mexico. The Pecos and Lower Rio Grande, from Santa Fe, 
N. Mex., to Brownsville, Tex., marks approximately the eastern border 
of this groat division. The conntry from Idaho to Tehuantepec is 
essentially Mexican in physical aspects. 

KjujIi of these five grand divisions has its own peculiar features of 
to|>ography, climate, geologic structure, and water conditions. 



m. 

THE ARTESIAN CONDITIONS AND STRUCTURE OF THE EAST- 
ERN DIVISION, OR THE COASTWARD INCLINE. 

The half of Texas east of a line drawn irregularly from the western 
edge of 'Cooke County southward to the southeastern corner of Burnet 
County, and from there westward to the Trans-Pecos Mountains, pre- 
sents a remarkably simple arrangement of its stratified rocks, so that 
its artesian conditions can be easily determined. This vast area em- 
braces a great diversity of country and of accompanying economic con- 
ditions. It also has every diversity of climate, from aridity at its south- 
western corner to abundant and even excessive rainfall to the eastward. 
In fact, its only common feature is the favorable inclination of its vari- 
ous strata — sands, chalks, clays, etc. — a most important feature in 
water conditions. 

This inclination coastward with the topographic slope is contrary to 
that of the adjacent Paleozoic and Red Bed areas (see profiles), which 
incline usually to the west and against the topographic slope. It is 
also different from the Trans-Pecos Mountains, whose rocks dip at ex- 
cessive angles. 

If one begin at the coast and travel westward across this region he 
will rind that, while constantly ascending above sea level at a slight 
gradie!it, he will be descending geoloeically ; that is, he will cross suc- 
cessive belts of country, each with its peculiar soil, rock, and flora, 
and will see that each of these ditt'erent aspects is due to the rock shi et 
upon which the country is founded. (See profiles appended.) The soil 
and other surface debris, which are the weathering of the underlying 
rock sheets, are sandy and covered with timber, and wells are abundant 
if the underlying rock is sandstone; but if it is marly (chalky) clay 
the soil will be black, sticky, and treeless, and the water poor and 
scarce. 

The outcropping sheets of these various strata, owing to their diverse 
physical and chemical composition, have weathered into diverse char- 
acters of country, forest and prairie, broken or level exactly as the sub- 
structure permits. Among those subdivisions of the coastward incline 
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the oonntry from the coast to the central denuded region. The newer 
formations are on the southeast, and the older formations successively 
occupy the country until we arrive at the Paleozoic sandstones and 
shales of the central region. This is the key to the succession of tbe 
various kinds of rocks in the coastward Incline. 

It ^ill also be seen by beginning with the bottom sheet that the ex 
posed face of each sheet forms an inclined plain of stratification, which 
is terminated to the eastward or lower edge by an ascending eaearp- 
meut formed by the Hlge of tjie next higher sheet, and upon its western 
or highest edge by a step-off' or descending escarpment formed by its 
own edge. This inclineil plain is known geologically as a dip-plain, as 
distinguished from a mesa or plateau, in which all the edges are free 
escarpments. All the parallel belts of country of the coastward incline 
are dip-plains. The valley where the escarpment meets the dip-plain h 
known as a valley of stratification ; and there are many of these in the 
region under discussion, the most conspicuous of which is that of thc' 
Upper Cross Timbers. 

Furthermore, in traveling across these escarpments and dip-plains it 
will be evident that while the descents of the sudden escarpment faces 
are great, the gradual ascents of the dip-plains are greater in the ag- 
gregate, so that while the last valley of stratification is several hundred 
or thousand feet lower in the geological series, it is also several hondre<l 
feet higher in altitnde, thus illustrating the paradox that the receiving 
areas of artesian well systems are often valleys. 

Finally, if by some great strain there should be a great fractore ex- 
tending across the whole pack of cards as though cut through by a 
knife, and one side dropped down or raised up, this would be a fault. 
If tJiis fault were in the direction of the edges of the outcropping cards, 
it would be a strike fault ; and if across the edges or the long direction 
of the pack, it would be a dip fault. If the dislocation or throw of these 
fonlts is great, then it will be seen that the continuity of the transmit- 
ting strata will be broken, thus seriously affecting the artesian condi- 
tions. If the down-throw be interior- ward, the receiving area may be 
reduced too low to afford pressure at the point where a well may be de- 
sired. 

Now, it happens that throughout the vast region of the Grand and 
Black prairies there are two of these great fault lines — one of each kind — 
the first of which extends from near Dallas to Del Rio, via Waco, Aus- 
tin, Heliotes, and Uvalde, and is a strike fault which downthrows to 
the eastward; while the other, which extends from near Marietta, Ind. 
T., southeastward through Preston, Denison, and south of Paris, Tex.^ 
is a dip fault, with its downthrow interiorward, reducing the receiving 
area below the altitude of most of the Bed River counties of Texas, 
where water would be desired. 

This is the simple geological structure of a country embracing th«« 
whole eastern half of Texas and southern Indian Territory, an area oi 
over 170,000 square miles, and including all the humid and semihnmid 
regions of the State. 

It is the inclination and outcrop of the different strata that produoen 
all the various belts of country as shown in the map accompanying this 
paper. Especially marked is the relation of timber to structure in this 
eastern division of our territory. Wherever the country is an open 
prairie it is underlaid by compact formations with little sand, such ai> 
clays and chalks. The coastal prairie, the Fayette prairies, the Black 
prairie belt, the Eagle Ford prairie, the Grand prairie, and the red bedH 
are all of this class. Wherever the formation is sandy there are forests, 
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as the cast Texas piuo woods aud the lower and upper cross tiiubers, 
Kacb of these different strips of country has a soil radically different 
from that of the others, for the soil is the surface residuum of the un- 
derlying structures. 

Id addition to being the fundamental cause of all natural ^nd eco- 
nomic differences of the coastwaid incline, it will be found that these 
different rock sheets present a very great diversity of water conditions, 
iu accordance with their capacity for imbibition aud transmission of 
moisture. For instance, throughout the great Black prairie region shal- 
low wells are difficult to obtain, owing to the poor' water capacity of the 
clays, while in the sandy regions well water can be secured wherever 
dug for. 

It will also be found that within this system of rock sheets of the 
coastal incline are several great sheets of sand, which become the re- 
ceiving areas ibr vast artesian systems, so that throughout much of the 
area artesian wells can be obtained, as I shall show more specifically in 
the following pages. There are at least five groups of artesian water- 
bearing strata with corresponding artesian areas as follows: 



No. 


ArtesiAo group. 


Receiving area. 


1 
2 
3 


Coantal welU of Galventon, Honstou. GonzAlea, etc 

Eant Toxai) or timber belt wellb. Mai itbai], Robertson, etc 
D<illa.-4 Denim>n, and I'otlHboro w«ll8 


Fayette sands. 

EoliKuitic and glaacomite sands. 

Lower cross timber sands. 


4 


Tbe Fort Worth Waco ayatcm ; 

XJpptr (UviHion ........•.....■........*.....••......... 


Paluxy sands. 

The Trinity sands and alternating 
beds. 




Lower diTisiou... 







Each of these systems is of great importance in the economic welfare 
of the State, and therefore a minute description of them will be at- 
tempted iu the succeeding pages. 

THE EASTEEN DIVISION CONTIinJED. 

THE COAST PRAIRIES. 

The coastal portion of the main land of Texas, from the Louisiana to 
tbe Mexican border, extends inland from 50 to 100 miles ; and consists 
of a tlat usually timberless plain, elevated at its interior margin not 
over 200 feet above the Gulf. It dips so imperceptibly eastwanl that it 
appears to be a landward continuation of the great submarine bench of 
the Gulf of Mexico. From the deficient drainage, the inconspicuous- 
ness of its waterways, and its absolute uniformity of surface, it is evi- 
dent that this plain is a newly-develo)>ed surface feature which has not 
long been- reclaimed firom inundation, a fact which is further attested by 
its want of consolidation, its substructure, and the occurrence among 
its fossil remains of species still existing in the adjacent waters of the 
Gulf. Although but a fraction of the total area of the State of Texas, 
this prairie is an extensive formation, oiHsupying many hundred square 
miles. It is perhaps the best example of a newly -emerged coastal plain 
in this country. This feature can be studied along the lines of the 
Southern Pacific and Texas Central railways, between the Sabine and 
Hempstead, Tex. StratigraphicaUy this formation has been but little 
studied. The absence of timber is due to poor drainage and to the sa- 
linity and compactue9s of the structure. Its evolution and history are 
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not pertinent to this discussion, but its age is late Quaternary, 
terror niarj;in is rolling aud its transition into the next feature is alK 
The f'orniation, in ilself, is poor in water transmission. i 

Beneath this plain, however, there are vseveral sheets of artesian i4 
bearing strata, bei»tg the same as those constituting the surface o 
next regions inland, and from which Galveston, Houston, and n 
other places have secured artesian water. At Houston a great nui 
of these wells liave been bored, and the city is sui>plied with t 
They are of shallow depth there and increase towards Galveston 
at the latter place they have not been so successful as at Houstc 
securing pure water. 

There are no doubt many of these water-bearing strata beneati 
Coast Prairie, for there are several thousand feet of porous saiic 
slight intervals, of the Fayette siMuls and Eocene systems, and fi 
experimentation will yield magnificent results as yet unattained. 

While the portion of the coastal prairie in the longitude of Hoi 
is abuudantly supplied with rainfall it is an interesting fact tba 
southern end deltects westward into a more arid region, where no ci 
the same artesian conditions exist, and will prove au inestimable 1 
fit to the coastal couutry known as "southwest" Texas, where ^ 
and irrigation are greatly needed. More is said oonceruiug this n 
under the head of the Kio Grande embayment. 




THE WASHINGTON COUNTY BLACK PRAIRIES. 

Immediately westward of the coastal prairies (which it will be rei 
bered are composed of clay and silts) there is another re^ior 
chief characteristic ot which is its rich black sandy soil, Ue 
from the disintegration of a friable sandstone, composed most 
grains of quartz cemented by calcareous matrix — a great water be 
formation, which dips beneath the coast clays and supplies the art 
waters of the Houston Galveston system. 

These prairies have been mapped out by Dr. K. H. Loughridge (S( 
port on cotton production, tenth census) and the underlying tbrm 
described by Roemer, Shumard, and Penrose, the latter having pro] 
for them the name of Fayette sands. 

These sands have a remarkable resemblance to the deposits con® 
ing the Llano Estacado and contain also the peculiar opalized ^ 
fossil bones, and leaves resembling those of that formation, and , 
inclined to believe them the same or closer allied terranes, which 
extended continuously over the entire region; and I agree witli 
niard* and lloemer that they are of Miocene or Pliocene a^e r 
than Pleistocene, as has been asserted, 

This formation is of great importance in that it is not only a ^ 
bearing, but throughout the area of its extent artesian wells' oils 
be secured from the underlying Eocene sands. The samly strat 
so pervious that they will no doubt sup[)ly the whole coastal p 

* Dr. B. F. Shumard, iu IfrOl, aunouuced (see Transact ions St. Lduis Aca<l^ 
Science, Vol. 2, pp. 141,14*2) " that the discovery in WaHhinj^ton and adjoiuinfi 
ties of an extenBive development of Miocene. deponitH of the MauvaissoTeri-© 
tionof NeUraska (White Kivor or Loiiji Fork f), which have yiehled Hiich a wo^^ 
profusion of extinct mamnialians and ehoh)nian8. The Texas strata couBistis 
careous and siliceous sandstone, and white pinkish and grayish siliceous aurf 
reous marls. The calcareous heds are almost wholly composed of finely eorutn 
and water-worn shells, chiefly derived from the destruction uf Cretacaou.s stra) 
iu places abountl in fossil hones (and plants) closely allied to Titauotheriuui K 
©roe, Kquusj and Crocodilus." ^ 
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region with water, especially in the more arid southwest portion. Sur- 
face wells are also easily oi»tained' in this formation. 

As shown upon the map, these prairies extend across the State and 
occupy large areas of the southern counties immediately interior of the 
coast prairies. 

OTHER ROCK SHEETS ALLIED TO THE COAST CLAYS AND WASH- 
INGTON PRAIRIES. 

The geolo^ of the coastal prairies and the Washington prairies is 
still unraveled, but there is no doubt that each represents a coastal 
phiii) rescued in comparatively recent geologic time from the Gulf. 
Neither the areal extent nor the thickness of these formations has been 
studied and their interior margins are especially involved in obscurity. 
Where these margins theoretically ought to be there is evidence of 
shore lines, in great sheets of gravel, debris, and estuarine deposits of 
rivers, about which, in order to make a more complete geologic under- 
standing of the region, a few words will be said. 

The plateau gravel, — From Arka<lelphia, Arkansas, due west to Eagle 
Town, Indian Territory, twelve miles west of the Arkansas line, and 
thence southwestward across the State of Texas, via Gameron, Aus- 
tin, San Antonio, and thence around the Eio Grande embayment, there 
is a great sheet of shore gravel, except where worn away by more re- 
cent erosion. In Arkansas this gravel was a beach line along the south- 
ern slope of the Ouachitas. In Texas from the Bed liiver to Austin 
the shore line was the level region of the lignitic Black Prairie and 
Grand regions. Southwest of San Antonio the shore was the great 
escarpment of the Edwards plateau, the margin of which is indented 
with the ancient estuarine valleys filled with grayel. In Northern 
Mexico great benches of this gravel are found against the Santa liosa 
and its kindred mountains, bordering the southern line of the Kio 
Grande embayment, across which many areas of the gravel are still 
foun<l preserved from later erosive destruction. This gravel has no im- 
portant bearing upon the artesian question, because it does not dip be- 
neath an underlying impervious formation ; but it is often a valuable 
6 nrce ofspring and well waters 

ihc river terraces. — The second phase of interior detrital formations 
ii** the ^' eat second bottoms or terraces of the older river valleys through 
the Black and Grand Prairie regions. These are especially well de- 
veloped in the Red, the Trinity, Little River, the Brazos, the Colorailo, 
and the Rio Grande. They represent estuarine conditions when the 
Gulf shore was very near the western margin of the coast "prairie. 
These terrace dei)osits, as seen at Denison, Dallas, Austin, Piedras 
Negras, and elsewhere are often 100 feet in thickness and form a fair 
reservoir for the storage of water. Springs are abundant at their con- 
tact with their underlying formations. 

THE EAST TEXAS OR TIMBERED REGION. 

Immediately interior of the Coast and Washington prairies, north of 
the Colorado, there sets in a region of country entirely different in most 
of its geologic and cultural aspects. This is the region of the great 
Atlantic Timber Belt, which marks the interior of the coastal plain 
from New Jersey to Texas and is well known in eastern Virginia, Mary- 
laud, the Caroliuas, Georgia, Mississippi, Arkansas, Louisiana, and 
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Texas, to a sligbt distance beyond the Colorado. The soil is the same, 
loose sands, clays, and gravel, with its red and white tints (dependent 
on the oxidation of the iron), and most of the flowers, trees, and 
shrubs are the same; so that the traveler in portions of the DiBtiict of 
Columbia, Virginia, or other States mentioned need not 8tret<^ his 
imagination to believe that in his surroundings he sees this portion of 
the Texas region almost as well as if he were there. 

This region iienetrates the northeastern portion of the Btate &om 
Arkansas to Louisiana and continues southward across it towards the 
Bio Grande, but becomes less conspicuous and almost disappears soath 
of the Colorado River, where the climatic conditions are moreturid and 
later formjitions extend further inland. The western border of the for- 
est belt terminates as abruptly as if stopped by some great topographic 
barrier, such as a lake or a desert. The abrupt termination of the for- 
est is explained by the radical change in the structure and composition 
of the underlying formation ; the western border coincides with the 
geographic extent of the pervious soils of the sandy formations and 
ceases where the compact supercalcareous marls of the Black prairie 
region begin to occupy the surface. Although mostly concealed by 
forest, this area of northeastern Texas has an interesting topography. 
In riding over it, with the view obscured by dense timber, it at first 
glance api>ears to be a succession of rounded hills; but a comparison 
of these with an occasional flat-top drainage divide proves that the 
whole country is the remnant of a great degraded but still distinguish- 
able plain, of which the valleys are the. drainage slopes. The drainage 
basins, because of the readiness with which the unconsolidated struc- 
ture yields to erosioii, occupy a far greater area than the remnants of 
the ancient plain in which they are carved. The present level of the 
rather sluggish streams is from 100 to 200 feet beneath the divides. 
Their flood plains or bottoms are wide and somewhat unstable. A few 
feet above these bottoms are the inevitable accompaniments of all the 
major streams of the southern cotton belt, known as second bottom, 
often a mile or more in width, while still above and beyond these, mark- 
ing the edges of the valley, may be one or more benches, usually incon- 
spicuous because of the unstable conditions of the unconsolidated strac- 
ture and the resemblance between the transported terrace material and 
that of the underlying beds. The flat divides and wide valleys chan*-- 
terize the whole extent of the region, which, like the entire Atlantic 
coastal slope, is an ancient plain, whose individuality has neaily been 
destroyed by erosion in its reduction to the present base level, and by 
the elevations and subsidences which it underwent in post-Tertiary 
times. Within this timbered area there is a great diversity of minor 
topographic and geologic features, similar to those mentioned in my 
Arkansas report,* the most conspicuous of which are the minor prairies 
and gravel beds or the overlap or remnant of the interior extension of 
the Coast and Washington Prairie formations. 

The prevalent structure of the ligoitic area is alternations of uncon- 
solidated sands and clays of a thousand or more feet in thickness, of 
the extensive formation known as the Eolignitic or basal Tertiary. 
These sands contain minute black specks of glauconite or limonite, 
which from the porosity of the formation quickly undergo oxidation, 
lixiviation, and segregation, giving the country its colors and producing 
stratified bands of iron ores. 

Although mostly east of the limits of this investigation, it is appropri- 

• See report of geological survey of Arkansas, voL u, lSd3, 
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ato to speak a few wonlfi concerning the water conditions of this region. 
The structure, being alternations of loose sand and compact clay, pre- 
sents every condition for an ample supply of water, especially wben we 
remember the abundant rainfall. This wuter comes to the surface as 
mineral springs, many to every square mile, while wells are always ob- 
tainable if located with reasonable intelligence. Artesian wells have 
already been secured in many pU\ces from this formation and can be se- 
cured throughout its extent. Success is merely a question of topo- 
l^raphic locality^ forthe pressure is not sufticient to cause a tlow u\h)i\ 
the high divides except along the western margin of the area, but good 
flowing wells can no doubt be obtained in all the lowlands. 



THE CRETACEOUS PRAIRIES. INCLUDING THE CROSS TIMBER 

REGIONS. 

The chalky prairies of Texas and Indian Territory are one of the 
inost unique and extensive geographic features of the United States, 
and entirely different in every scenic and cultural as|)ect from most of 
the western plains. They begin immediately west of the great Atlantic 
timber belt (or Eolignitic region) in Indian Territory and Texas, and 
extend westward to the Coal Measures and Red Beils west of the upper 
Cross Timbt*rs, north of the Colorado River, the Trans- Pecos Mountains, 
and the basins west of that stream. Northward these prairies are lim- 
ited by the Ouachita Mountains of Indian Territory. Their southern 
border is buried beneath the Quaternary debris of the Rio Grande em- 
bayment as far as £agle Pass and the mountains of Mexico. 

This region, with it« different prairies, each covered by its peculiar 
vegetation, its sweeping plains, and diverse valleys, its undulating 
slopes clad with mottes of live oak, its narrow strips of cross timbers, 
its ragged buttes and mesas, presents a landscape varied, yet possess- 
ing as a whole an individuality peculiarly its own. All those features, 
with their different tints of soil and vegetation and their varied condi- 
tions for human habitation, are but the surface aspects of the system 
of chalky rocks (chalky sands, clays, and limestones) upon which is 
founded and to which is primarily due every physical quality of the 
country. It is the great chalky region of the United States. 

This prairie region is also by far the most important and fertile por- 
tion of the State, and is the seat of its densest population, owing to the 
great productivity of its calcareous soils, upon which are situated the 
most important inland cities, such as Pans, Bonham, Denison, Sher- 
man, Gainesville, Fort Worth, Dallas, Waco, Weatherford, Taylor, Bel- 
ton, Temple, Austin, New Braunfels, San Marcos, San Antonio, Uvalde, 
and Del Rio. 

To these strata the State owes a large part of her agricultural and 
general prosjierity, for they are the foundation of the rich black waxy 
and other calcareous soils of those regions. In addition to their agri- 
cultural features, they are the most productive source of building ma- 
terial ; while adjacent to their line of parting, extending the entire 
length of the State and dependent upon their stratigraphy, is a remark- 
able area of natural and artesian wells, as seen at Fort Worth, Austin, 
Waco, Taylor, San Marcos, and elsewhere. 

This country is uniquely Texan as far as the United States are con- 
cerned, constituting a distinct geographic region which, in every topo- 
S. Ex. 41, pt. 3 5 
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graphic, economic^ and cnltnral aspect, sboald not be ooofused with other 
portions of our country. It covers an area of over 73,51 2 miles, orover one- 
fourth (28.27 per cent) of the total area of Texas ; forming a broad belt 
of fertile territory acroM the heart of the State, from the Ouachita Moun* 
tains of the Indian Territory and Arkansas to the Mountains of northern 
Mexico — an area larger than the average American State, and equal to 
the combited area of all the New England States. One-third of this 
region lies north of the Colorado River, and the remainder to the south- 
west. 

These formations belong to two great rock systems, or series^ an upper 
or Gulf series and a lower or Comanche series of Cretaceous age. 

THE MAIN BLACK PRAIRIE REGION. 

Immediately interior to the sandy lignitic area, and radically differ- 
erent from it, lies the main Black Prairie, the richest and largest con- 
tinuous body of agricultural land in Texas, and hence the most important 
in cultural as well as scientific aspect. 

This occupies an elongated area extending the length of the State 
from the Ked Biver to the Kio Grande. The eastern border of the 
Black Prairie is approximately the southwestern termination of the 
great Atlantic timber belt. The Missouri Pacific and the International 
railroads from Denison to San Antonio, and the Southern Pacific from 
San Antonio to Del Bio, approximately, mark the western edge. A 
little south of the center, along the Colorado Biver from Austin east- 
ward to the Travis County line, near Webberville, the Black Prairie is 
restricted to its narrowest limits. From this point it widens in both 
directions until its broadest margins, over 100 miles in width, rest near 
the Bed and (Bio) Grande rivers. The topography of the area was 
well defined some forty years ago by Dr. Ferdinand Boemer as the 
^^ sanftvelliges Hilegellandj'^ or '* gently undulating regions.'' Viewed 
from a distance it is apparently level, but closer inspection shows it 
to consist of many gentle undulations which differentiate it from the 
topography of other prairies. 

Westward the Black Prairie is succeeded by a region with some 
superficial resemblance to it, and usually confused with it, which, how- 
ever, on closer stud^^ is found to di£fer from it in all essential points. 
This is the Grand or Fort Worth prairie, or "hard limerock region,'' 
described elsewhere. The so called mountains we^t of Austin are the 
remains of the Grand Prairie. In general, the Black Prairie region 
consists of a level plain, imperceptibly sloping to the southeast, varied 
only by gentle undulations and deep wide drainage valleys, void of pre- 
cipitate canyons. It is cut through at intervals by larger streams, the 
valleys of which make indentations into the plain, but not sufficient to 
destroy the characteristic flatness of its wide divides, remnants of the 
orginal plain or topographic level which have not been completely 
scored by the later and more youthful drainage system. The altitude 
of the plain is between 400 and 600 feet. The surface of most of the 
Black Prairie region is a deep black clay soil, which when wet becomes 
excessively tenacious, from which fact it is locally called "black waxy.'' 
Tbe soil is rich in. lime, which, acting upon the vegetation by compli- 
cated chemical changes, causes the black color. The region is exceed- 
ingly productive, and nearly every foot of its area is susceptible of a 
high state of cultivation. Large quantities of cotton, corn, and minor 
crops are annually raised upon these fertile lands, and if there were 
facilities for water and proper transportation it would soon be one of 
the leading farming districts of our country. 
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With the exception of streams wliicb rise in other regions to the 
westward, and cot through it, the Black Prairie region has few running 
watercourses^ so that along with its excellent soil it has the draw- 
back that for domestic purposes its inhabitants have mostly depended 
upon cisterns or pouds, both of which have proved most unhealthful. 
The reason of this absence of ^surface waters, as will be shown later, is 
the great imbibing capacity of its soils and rocks. 

This region in Texas is very conspicuously divided into two sections, 
the larger and more important of which is north of the Colorado, while 
the other occupies the great embayment of the Eio Grande in Texas 
and northern Mexico. 

The main Black Prairie proper does not appear in Indian Territory. 
A small area of the Eagle Ford Prairie in the Chickasaw Nation, known 
as Carriage Point Prairie, north of Denison, has been erroneously 
classed with it. There are also small spots of itin southwest Arkansas, 
as described in my previous rei)ort on that region. (See Neozoic Geology 
of southwestern Arkansas j vol. 2, Report of State Geologist. Little 
Bock, 1888.) 

THE NORTHERN DIVISION OF THE BLACK PRAIRIE. 

The division of the Black Prairie north of San Antonio is subdi- 
vided longitudinally into four parallel strips of country, differing 
slightly, and distinguishable only by slight differences in topograph^' 
and in the underlying rocks. The easterniiiost of these divisions north 
of the Brazos Kiver is distinguished by the occurrence of sand in its 
black soil, and occasionally pure belt« of sand. Between the Brazos 
and Colorado rivers, however, the sand is hardly perceptible, while in 
the southern division, or llio Grande enibayment, it attains gieat de- 
velopment. Immediately interior of this strip is located the largest 
and most charactwstic belt, which is marked by the stiftest of the 
black- waxy calcareous clay soils. Upon digging throughout thiaarea, 
the substructure is found to consist of a light blue marl, called by the 
residents, "soapstone" and '* joint clay," from its jointed and laminated 
structure. The surface, especially of the high undrained ilivides, is 
also accompanied in many places by minute depiessions known as 
"hog wallows," which are produced by the drying, cracking, and dis- 
integrating character of these excessively calcareous clays in poorly, 
drained places. This, the main portion of the Black Prairie, consti- 
tutes fully two-thirds of its total area. The cities of Greenville, Ter- 
rell, Corsicana, and Kaufman are situated near the eastern border of 
the sandy and black waxy strips. Manor, Clarksville, Cooper, Taylor, 
and Temple are all situated in the main black-waxy belt. 

An outcrop of " white rock" or chalky country, forming a narrow 
strip averaging 2 miles in width, extending from Sherman to the Rio 
Grande east of Del liio, succeeds on the west the main black- waxy belt. 
This chalk belt is marked by a topography more rounded and more 
deeply incised, but still devoid of the sharper lines of stratification 
which characterize the Grand Prairie region. It is occasionally marked 
by clumps of handsome evergreens and oaks. 

The western edge of the chalky belt, as seen at Oak Cliffs, near Dal- 
las, and at Sherman, Hillsboro, and other places, is an escarpment over- 
looking a valley containing the minor Black Prairie and lower Cross 
Timber strips. This escarpment is rontinnons except where cut by 
rivers, from Austiu to Denison, 200 miles above the depression occupied 
by the Cross Timbers to the west. Like every other slight inequality of 



Digitized by 



Google 



68 IRRIGATION. 

the earth's surface in Texas^ this scarp is locally called " monntains." 
I propose for this scarp the ntlroe of Oak Cliffs or White Bock scarp. 
This escarpment can be distinguished ui>on even ordinary maps by 
the small fringework of minor streams which rise at its summit and 
drain the- dip plain to the eastward, and by the streams deflected by its 
strike and flowiug at its base. The chalk or white rock forming the 
summit of this scarp is the immediate geologic antecedent of the marly 
clays underlying the main black waxy area, and the one succeeds the 
other by easy transitions ; hence I classify the white rook as a subdi- 
vision of the Black Prairie region. The chalk marks the western bor- 
der of the main body of the Black Prairie region throughout its ex- 
tent, but seldom has an areal outcrop of more than 1 or 2 miles in 
width. 

THE EAGLE FQRt) PRAIRIE REGION. 

Immediately west of the Oak Cliff scarp and iu its valley there is, 
especially north of the Colorwlo, another long, narrow, black waxy strip 
of country. This is especially conspicuous in Hill, Dallas, Grayson, 
Collin, McLennan, and Bell counties. (The Sixth ward of Austin is 
typical of this subdivision of the Black Prairie.) It is intermittent in 
Travis County, and occurs along an exceedingly narrow north and south 
line in eastern Williamson, central Bell, and central McLennan countie3, 
the south Bosque marking its extent in the latter county south of the 
Brazos. North of the last-named stream it befeius slightly to widen in 
area, and continues as a narrow belt, averaging 10 miles in width, 
northward through eastern Eill, eastern Johnson, western Dallas, west- 
ern Collin, and western Grayson counties, for 180 miles, to the Red River. 
This prairie increases in area northward from the Colorado River to 
Red River, lying west of the White Rock scarp, and east of the Lower 
Cross Timbers. In Grayson County the belt abruptly turns eastward 
at a right angle, and runs -down the npper slopes of the Red River 
Valley, through Grayson, Fannin, and Lamar counties, to the easteru 
edge of Red River ; Sherman is situated at its inner angle, and its 
southern margin is approximately marked by the transcontinental 
branch of the Texas Pacific Railway, from Sherman to a few miles east 
of Paris, in Lamar County. The southern border of this eastern Red 
River area is not marked by an escarpment, but by an inconspicuous 
fault line. Some of the richest agricultural lands in Texas are located 
upon this inner Black Prairie region, and its soil is usually fertile In 
most places. 

The portion of the Black Prairie southwest of the Colorado presents 
many radical differences from the portion north of that river. It de- 
flects westward into a more arid country, and instead of ending with a 
descending escarpment to the westward it is abruptly terminated l)y an 
ascending one — the great eastern escarpment of the Edwards Plateau. 
Besides these ditterences the whole region is covered with a thin sheet 
of sandy and gravelly debris, the remnant of the sea beach which in 
very late times extended (rom the southwest corner of Arkansas across 
the State of Texas via San Antonio to Del Rio. Owing to the pres- 
ence of this Quaternary d6bris, and the great development of sand iu 
the beds of the Cretaceous, together with marked differences in the 
other physical aspects, I have separated this southern region from the 
Black prairies, and discuss it separately under the caption of the Bio 
Grande Embayment, 
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THE LOWER CROSS TIMBERS, 

The western and nortliern border of the northern division of the 
Bl^ck Prairie region is terujinated most abruptly by a narrow strip of 
timbered sandy land, extending from the Brazos to Bed River, and 
thence down the valley of the latter stream nearly dne east to Bed 
River country, known as the Lower Cross Timbers. 

Although seldom exceeding 10 miles in width, this remarkable belt 
of timber is nearly 180 miles in length from south to north, and over 
100 miles east and west from its great bend in northwest Orayson 
County. 

The occurrence of this peculiar ribbon of upland timber between two 
vast stretches of prairie had long been a subject of inquiry until the writer, 
in 1887, investigated and published* its geology, and showed that the 
cause oi this forest growth was the sandy soil and substructure, which 
Avas the outcrop of a rock sheet marking the beginning of the Black 
Prairie seri<»s of rocks. 

The Lower Cross Timbers are composed of white sands and sandy 
clays, oxidized at the surface into ferruginous masses. Viewed from 
the Oak Cliff or White Rock scarp, looking westward, these timbers 
appear to occupy a valley, but when observed from the westward, as 
from Fort Worth or any point on the eastern margin of the Grand 
Prairie region, they apparently occupy a higher level to the eastward, 
appearing as low, rounded, wooded, mamillary hills. 

The Lower Cross Timbers and the sands in which they grow, for 
some unknown reason, disappear south of the Brazos. From that 
stream they extend due northward to the bluff of the Re<l Biver, in 
Grayson County ; thence thej^ extend due east down Red Biver, first 
touching that stream in eastern Grayson County. From this point the 
river flows in the line of the timber to Pine Bluff', Lamar County, ap- 
parently finding in the soft sands and clays an easy passage way for 
its winding channel. 

By the peculiar fault north of Denison the northern member or nar- 
row east and west belt of the Cross Timbers in that country is split in 
its length, the northern half appearing 30 miles distant in Indian Ter- 
ritory, extending soutk of old Fort Washita from the Washita Biver 
to the Boggy. 

The Lower Cross Timbers are admirably adapted to fruitgrowing, 
and, as will be shown later, play a most important part in the question 
of artesian water. 

To appreciate the water conditions of this vast region it is necessary 
for tlie reader lo know the sequence of the great rock sheets of the 
Black Prairie and Lower Cross Timbers that compose it, their water 
bearing and transmitting capacity, as well as their elementary topog- 
rai>hy. 

GEOLOGICAL SUBSTRUCTURE OF THE BLACK PRAIRIE REGION. 

The rock sheets of the Black Prairie region are epitomized in the 
vertical section before given. The sandy soil of the eastern margin is 
the outcrop of the upper Arenaceous or Glauconitic division. No. 5 of 
onr section; the main Black Prairie division, the surface of the chalky 
cla>s, called Penderosa marls. No. 4; the White Bock escarpment, the 



• (See Geology and Geography of the Cross Timbers of Texas, American Joanial 
of Scieuce, Apil, I8d7.) 
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(fntcrop of the Austin-Dallas chalk, aggregating about 300 feet in thick 
ness, No. 3; the Minor Bhick Prairie, No. 2 of our seclion, is also com 
posed of a sheet of clay, somewhat like those of the main division, an«l 
hence the similarity of its topography with that of tlie Lower Oros^ 
Timbers, No. 1. These are the rock sheets for which I have chosen the 
name of Black Prairie series. These sheets with their water capacities 
will now be described in ascending order, beginning with the lo^jvesi 
beds of the series. 

THE LOWER CROSS TIMBER BEDS, OR DAKOTA SANDS. 

From the Brazos River northward and eastward along the Red River 
the base of the upper series is composed of a brown, more or less ter 
ruginous, predominantly sandy deposit, resting unconformably upoc 
various horizons of the beds of the Washita division, or top of tht 
Uomanche series. These sandy deposits present an iudnite variety o? 
conditions of cross-bedding, clay intercalations, lignitic patches, and 
vary in minuteness of size and anjrularity of the uncemented particles, 
characteristic of typical littoral deposits, while occasionally there art 
found fossiliferous horizons. 

The beds are well displayed along the line of the Missouri^ Kansas, 
and Texas roads, between Denison and Whitesboro, Denton and r^ewis^ 
ville, and Alvoradoand Fort Worth. There are also many bluffs alon<: 
the lied River where the sand appears to advantage, as Pine Bluff, 
Sowells Bluff, and others. 

These sands differ from those of the Upper Cross Timbers, to be ilis 
cussed later, in that they contain much more iron and mineral salts. 

In the southern and western suburbs of Denison these sands are 
greatly developed. South of the Brazos River, and at Austin, tbev 
are entirely missing, a fact that may be explained in connection with 
certain changes of level which took place just after they were laid down, 
exposing them to erosion before the next division was deposited. 

The Lower Cross timber strata decompose at the surface into rich 
sandy soils, which have not been studied minutely. These support a 
vigorous timber growth, its structure being especially favorable for 
deep-rooted plants. In age and character thege sands are the same as 
the celebrated Dakota sands of Kansas and Dakota, and equally valu- 
able in relation to the water supply, since they pdssess great capacity 
for imbibition. They are the receiving area for the artesian wells at 
Pottsboro, Dallas, and Midlothian, and when properly understood many 
other wells will probably be found, as will be discussed later. They in- 
crease in thickness toward the north and become more frequently inter- 
calated with clay. 

The artesian wells at Dallas have penetrated as yet only about 50 feet 
of them, but at Denison they are at least 200 feet thick, while at Paris 
they are still thicker. 

The area, extent, and variations of this rock sheet are important fac- 
tors, since it is the present water bearing stratum of the Black Prairie 
region. 

Tke Eagle Ford or Benton clay shalen. — These lie to the eastward and 
immediately above the Lower Cross Timber Sands, from which it is 
difficult to separate them, and are the foundation of the minor Black 
Prairie strip. 

Beneath the scarp of the White Rock (Austin-Dallas) chalk at Dallas 
and extending westward through the Mountain Creek country to the 
Lower Cross Timbers can be seen typical localities of this division, the 
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thickness of which I estimate at 500 feet. In their medral portion they 
are dark bue and shaly, highly laminated, and occasionally accora- 
paiiied by gigantic nodular septariaB, locally called turtles, which have 
often proved a serious obstacle to well drills. The uppermost beds be- 
come more calcareous, grading rather sharply into the chalk. There 
are also occasional bands of thin, impure limestone, which are readily 
distinguishable from all other cretaceous limestone by their firmness 
aud lamination. Fossil remains of marine animals are also found in 
these clays, including many well-preserved species, the delicate color 
and nacre of the shells being as fresh as when the animals inhabited 
them. 

At Austin these beds occur with less thickness, and at one place 
where Tenth street crosses Shoal Creek they are entirely missing, the 
chalk resting upon the Shoal Creek limestone. The northwestern part 
of the city is underlaid by these clays, which are here more calcareous 
and accompanied by beds of laminated limestone. South of the river, 
along the Internajbional Kailroad, they are finely displayed in Bouldin 
Creek, with the characteristic blue color on fresh exposure. They also 
appear at San Antonio, near the cement works, and at New Brannfels, 
Uvalde, and other points. At Waco they form the bluffs of the Bosque, 
at Prather's farm, and the fish pond. North of Waco they increase in 
extent and thickness, forming extensive black-waxy areas in Hill, 
Johnson, Ellis, Dallas, Lamar, Fannin, and Grayson counties, west of 
the White Rock scarp. This formation is a retaining or impervious 
rock sheet, overlying the sands, and is not a receiving area for water. 

The chief economic value of the minor Black Prairie will always be 
its magnificent black, calcareous, clayey soil ; while some of the' chief 
geological considerations are the ascertainment of means to make this 
soil more easily handled and less tenacious by devising suitable mix- 
tures, the discovery of road-making material, and the increase of water 
for agricultural and domestic purposes. Owing to its clay foundation 
the soil now retains for plant use treble the quantity of moisture of 
some of its adjacent sandy districts, but surface and flowing water is 
almost absent. 

Fortunately, however, this district is also within the Central Texas 
artesian area, and an abundant supply of water can always be obtained 
south of Sherman at a depth of less than 1,500 feet; as has been proved 
in the course of our investigations. When this fact is fully appreciated 
thevegion will be one of the most prosperous in Texas. In the valleys 
of most of the streams running eastward across the east half of the 
minor Black Prairie, another flow of artesian water, the same as at Dal- 
las, can be obtained at from 100 to 300 feet. The source of this water 
is in the Lower Cross Timber sand. 

The medial and lower portions of these shales are at places bitumi- 
nous, as at Austin, Fiskville, Waco, San Antonio, and frequently an 
appreciable amount of rock oil, appears u|)on the surface of the waters 
obtained from them ; but so far there have been no indications tojustify 
expectation that this soil occurs in any commercial quantities, the fact 
being rather against such a conclusion. The clays increase greatly in 
thickness to the northward, growing gradually less distinguishable from 
the Gross timber sandd in the Bed River country, where they can be 
seen in many places from Bell to Paris. At DaUas they are 525 feet 
thick. 

The Ausiin-BaUaH chalk. — This is the thick stratum of white rock or 
chalk occurring in the scarp along the western border of the main 
Black Prairie and separating it from the minor Black Prairie region. 
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The outcrop of this cLalk bogina in the soulhweftt coiner of Arkatis^ 
but is not found in the Indian Territory. It crosses '•Jje Red River, be 
owing to the faulting does not appear westward up the south side of ll 
Talley of that stream until reaching Sherman, from which pla<3e it dt 
fle<'ts southward, passing near McKinney, Dallas, Waxahacbie, Hill? 
boro, Waco, Beltou, Austin, New Braunfels, San Antonio,' and Spofibr^ 
Junction, beyond which it bends northward, appearing in tbe tr& 
mountains in the vicinity of El Paso and New Mexico. It is dlsUh 
guished above all by its peculiar chalky substructure, and so reseE 
bles some of the beds of the underlying Comanche and of theoverlyic: 
Upper Cretaceous that until recently they have not been disting^uisb* 
from them. Upon close examination, however, it is noticeable that t^ 
Lower Cretaceous beds of the Grand Prairie are more distinctly strai 
fled and very much harder and generally more crystalline thronjii 
pressure, solution, and redeposition of the carbonate of lime in Xj 
chalk. The topography of the Austin ch^k beds is also of a inil<k 
type than that of the Comanche series. Above all, it is distin^aisb^i 
by its softness and by its entirely diflferent fossil remains. It is ak 
distinguished from the other chalky beds of the upper Cretaceous tp? 
its great firmness and by a higher percentage of calcium carbonate. 

The rock of this formation is massive, nearly pure, white chalk, n.^ 
ally free from grit, and easily carved with a pocketknife. Under tk 
microscope it exhibits a few calcite crystals, particles of amorphic 
calcite, and innumerable shells of foraminiferae. The air-dried indurata. 
surfaces are white, but the saturated subterranean mass has a blaisl- 
white color. The rock weathers in large concholdal flakes with ai 
iearthy fracture. In composition it varies from 85 to 94 per cent of cal^ 
cium carbonate, the residue consisting of magnesia, silica, and a small 
percentage of ferric oxide, as can be seen from the following analyfii 
of random specimens, while the upper Cretaceous beds have only froa 
20 to 50 percent: 



Texas. 
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Calcium carbonate 

Silica and ioKoloble silicate* 
Ferric oxide and alumina ... 
Magnesia 
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The thickness of this chalk is about 300 feet. As far as observed is 
Texas it averages the same thickness at Austin and Dallas. It is of 
great uniformity throughout its extent, but there are a few local differ 
ences in hardness, which are sometimes due to surface induration and to 
igneous action, having been converted into marble at Pilot Knob, sootii 
of Austin. 

In the vicinity of Austin the soft chalky structure is somewhat de- 
stroyed by erosion and volcanic disturbances of the vicinity as tbe 
deposition of volcanic debris, and excessive jointing and faulting show, 
but it maintains its pure chalky aspect elsewhere. 

A great portion of the former extent of it has been destroyed by env 
sion, and its western border in central Texas is now receding eastward 
under the influence of excessive atmospheric decomposition and denih 
dation. 

This chalk is the white rock which underlies Fairview Park an^ 
most of the city of Ar^itin. Waco is also built upon it; the Lover* 
licap west of that city jeiug one of the tiuest chalk bluffs in Amend 
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Oak Cliffs, the suburb of Dallas, as well as that city are bnilt upon it, 
and also Shermau. It imbibes considerable rooistufe, but transmits 
Qone to speak of. Its chief value scKi'h of Dallas is that it is a land- 
mark by which artesian wells can be located and their depth predicted 
with much certainty, as will be shown laier. 

The Taylor (or Exogyra ponderosa) Marls. — The eastward continua- 
tion of the Austin-Dallas chjilk is covered by one of the most extensive 
axid valuable, but least appreciated, freological formations in the United 
States, a remarkable deposit of chalky clays, aggregating some twelve 
hundred feet in thickness, according to reported well borings and esti- 
mates of the normal strip. In fact these clays are so little known that 
no popular name has been found for them, and hence they are called 
from an immense fossil oyster which is found in them. They occupy 
the whole of the Main Black Prairie region east of the Austin-Dalhis 
chalk, and form the basis pf the rich, black, waxy soil. Notwithatand 
ing their areal extent, good outcrops of unaltered structure are seldom 
seen, owing to their disintegration. Usually they are seen only in ra- 
vines, creeks, or fresh diggings. However, at the Blue BluflPs, of the 
Colorado, 6 miles east of Austin, a good exposure is afforded, where 
these clays can be readily studied ami diagnosed. They are of fine con- 
sistency, unconsolidated, and apparently unlaminated until exposed to 
weathering, when their laminated character is developed. They are 
light blue before atmospheric exposure, but rapidly change into a dull 
yellow, owing to oxidation of the contained pyrites of iron. Their ac- 
cessory constituent is lime in a chalky condition, and they make a black 
calcareous clay soil, characteristic of chalk and chalky clays, whenever 
their excess of lime comes in contact with vegetation. 

Their middle i>ortion is apparently void of all well-preserved fossils, 
yet impressions are abundant in places. Toward the top, as seen one 
mile north of Webberville, ten miles east of Austin, they become 
slightly arenaceous and concretionary and very fossilferous, indicating 
graduation into the glaucouitic division. The fauna of these concre- 
tionary clays at Webberville, Corsicana, and elsewhere begins to par- 
take of the character of that of the glaucouitic or New Jersey division, 
and yields an abundance of fossil species. 

Although not the top of the Cretaceous system, the Webberville beds 
are the highest exposures seen along the Colorado River section, for 
at that place they are overlaid by the lignitic or basal division of the 
Eocene Tertiary. To the north of Webberville, these sands become 
more extensive. 

The economic value of these chalky clay marls lies in the fact that 
they are the foundation and source of the rich soil of the main Blacky 
Waxy Prairie of Texas, the largest continuous area of residual agri- 
cultural soil in the United States, apparently inexhaustible in fertility ; 
for as the farmer plows deeper and deeper he constantly turns to light 
the fertile marls which renew the vitality. 

As before remarked, the water conditions of the formation are very 
poor and the absence of a healthful domestic water supply has been 
one of the greatest drawbacks to the region. The very characteristics 
of the formation that constitute its chief value for agriculture decrease 
its water conditions. The thick clays can imbibe moivSture but slowly, 
and when saturated retain it, instead of transmitting it, as would a 
more sandy sheet. The surface wells are difficult to secure and the 
streams are sluggish and dirty. 

Artesian water is the great need of the main Black Prairie region, 
and to reach even the first water bearing sand (that of the lower Cross 
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Timbers) will require the penetration of two great impervioas skeea 
the Austin chalk and the Eagle Ford clays, in addition to the deptli^ 
the pouderosa matis, beneath the desired locality. Upon the extres 
eastern edge of the ontcrop (its thickest portion) two wells, one Tern 
and the other Thorndale, have penetrated 2,100 and 1,700 feet, n 
spectively, without reaching the bottom of the Black Prairie series. 

The Uppermost or Olauconiiic IHvuion. — This division is the upjiH 
most continuation of the Ponderosa marls, its chief difference being Uii 
the clays, chalks, and sands become glauconitic as we aseend^ and tba 
there are conspicuous changes in the fossils, which become more i^eo 
tiful, the si>ecies of fauna partaking of the same characteristics tU 
distinguish the Cretaceous of the New Jersey and Alabama regions 
which are of the same formation. This division as it occurs in soatli 
west Arkansas has been minutely described in my Arkansas report 
but its whole detail remains to be developed in Texas, its occorrena 
having been affirmed only in one or two places without specific, details 
study. 

The glauconitic or greensand beds are mostly concealed beneath tb< 
overlap of the Tertiary and Quaternary beds, throughout their whoK 
extent, from New Jersey to the Rio Grande, and in general it is onli 
where these have been eroded away that they obtain an outcrop. 

They are first seen in two small spots in Bowie County, north of I> 
Kalb Station, upon the Friese place, where they occur beneath th< 
overlapping Tertiaries. This mode of occurrence is geologically knowi 
as an " inlier,*^ arid there are several more of these glauconitic iuliexst^ 
the eastward as far as Smith and Anderson counties, all of which an 
in the direct line or strike of the Arkansas beds, which they reseiubh 
in every detail. 

To the westward, however, these beds become more conspicuous, and 
they attain considerable development in the southern half of the Re^ 
fiiver tier of counties as far west as Bonham, whence they defied 
southward, constituting the eastern margin of the Black Prairie as fa) 
south as Webberville, on the Colorado. 

Commencing in the eastern Red River country, they extend westwait 
to the sandy beds of the division, outcropping as far west as Ladonia 
Fannin County*, and covering much of Delta, Hunt, Rockwall, and Na 
varo counties, the brownstone marls outcropping interior of ttie sandi 
in Eickapoo, Red River country, and south of Paxton, Lamar Count j 

The chalky beds of the glauconitic division (not to be confused will 
the Dallas chalk) and the similar chalks (the White Cliffs chalk ani 
sub chalk of my Arkansas section) outcrop from Clarksville, via Paxtoi 
and Honey Grove, nearly to Bonham, but do not persist southward. 

In the Rio Grande embayment, southwest of San Antonio, east o 
Dei Rio and the Santa Rosa Mountains of Mexico, these beds agail 
attain an enormous development, but entirely different in detail froii 
the north Texas extension, indicating vast difference of condition in tb: 
region during the closing epoch of the Cretaceous, and resemble verj 
much the Fox Hills and Laramie beds of the Northwest 

These beds are well displayed from Eagle Pass to the Webb County 
line in Texas, and south of the Sabinos, between Santa Rosa and Tam 
pico, Mexico. They consist mostly of the glauconitic sands alternating 
with limestones, clays, and beds of lignitic coal. At Eagle Pass Uiej 
are fully 700 feet thick, and the whole formation may be even greater, 
The beds abound in fossil wood and bones, and are of great economic 
value as coal-producers, the mines at San Felipe, Eagle Pass, and 
Saiita Rosa being of this formation. 
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GEOLOGICAL STRUCTURE OF THE REGION. It) 

rKE GRAND PRAIRIE OF TEXAS AND INDIAN TERRITORY. 

bis geographic feature is cbaracterized tbrougliout by the peculinr 
es tones and clays of the Lower Cretiiceous foi nuitioii, iii)om wbich it 
auiuled. It differs Ironi the Bhick Prairie region [noper in nearly 
ry physical feature. In general it ia more elevated, its plateaus artH 
instead of unduhitin'g, and its valleys are more precijutate, being 
iched and terraced through the unequal resistance and varying hanl- 
s and its alternate stratification. Its soil, except in vulU'ys, is 
lerally shallow and rocky, while its color tends to yellow an<l choco- 
8 brown, instead of black. The chief difference however is in the 
rdness of tlie underlying rocrks, which are the foundation of all the 
[)Ve features. Tliese compose a beautiful substructure, whose liun- 
jds of feet of white chalk and yellow maj^nesiau hiyers (»falternat 
; degrees of hardness give to the landscape individual tone ami topog- 
l>by not found elsewhere in America. The western border of this 
ajion is carved into a rugged scarfs accom[»anicd by outliers of ter- 
eed buttes and mesas. Its interior margin begins at the Arkansas 
id Indian Territory line at the crossing of Littk^ River, and exlends 
Eastward 1()5 miles in the Territory along the southern slope of tlie 
nacbita Mountains to the west of Marietta, from which i»oiut it turns 
•adually due southward across Texas. 

The stratification of the central area of the Grand Prairie is almost 
orizontal, dipi»ing eastward less than 1 per cent, a sliglitly gn^ater 
Dgle than the topographic slope. In the region of the Edwards TJa- 
5au the dip is less, and ajiproximately coirespondH in inclination with 
be surface of the i»lateau. In color, conrposition, and scenic (effects 
les^e rocks and their stratification resend)h's no other region of North 
lUi erica, but they are said by thost^ who have seen both regions to bo 
lentical in appearance with the Cretaceous and Jurassic rocks of east- 
jw France and Switzerland. To this strucrture and its methods of 
disintegration is due the individuality of the topography of the Grand 
Prairies. 
After each season or rainfall the ordinary hue of dry grass is sue- 
jcded by varied flowers of indescribable beauty. Tlie'soil is usually 
iiillow and is the residuum of the chalky substructure, whicli in of 
Jaryiag degrees of induration. Its i»revalent color is dark (^hocolate^ 
^ rbiVh readilj distinguishes it from all other limestone soils in the State. 
3 dthough (litl'ering in altitude, topography, and structure from the 
Ji Hack Prairie region, this section is not distinguish(*d from it; by some 
SJe^opK Owing to the shallowness of the soil and tlie dill'erent condi- 
ons of rainfall, but few uphuid areas of the Grand Prairie are adapted 
> agriculture, whih* nearly every acre of the Black Prairie can be util- 
i^d? "I'li^ underlying structure of the Grand Prairie is that of the 
ilwOinanehe series, consisting of alternations of chalky limestones and 
\ ^rls of varying degrees of in<luration and thickness. These ro(!ks are 
K^ iiiiieh liai'tier than the llp[)er Cretaceous sediments underlying the 
^Bl at^k rriiirie region that the region has been appro[>riately called the 
h'Xrd lime-rock region. 

In Texas the eastern margin of this plain, separating it from the 

^ lick Prairie region, extends almost southward from Denison via 

^^ *^hitesboro,I)euton, h\)rth Worth ((» miles east), Cleburne, McGregor, 

^'^^lton,(Jeor|;etown, Round Rock, and Austin, to the Colorado, whence 

if sweeps south and westward, ap|>roxinnitely west and nortli of the line 

ttheliiternatimial and Great Northern and Southern Pacific railways 
zizziz: 
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llie Austin chalk) as for south as Waco, and thence on by the v* 
border of the Lower-Oross Timbers. South of this line the raai 
the Grand Prairie is markod by a descending escarpment, tbe Ba]^ 
fault, overlooking the Black Prairie and the ancient embayment 
Kio Orande. 

The interior border is more jagged and irregular in outline, but 
where, with the exceptions of the western border of the Stocktoc 
Rion, is marked by a descending escarpment overlooking the eacai 
valley of the Trinity Sands (upper cross timbers) or other lower 
tions upon which it rests. This line is rapidly receding easjtwani 
the destructive erosion, thereby producing the serrated and im; 
api>earance. The edge of the surmounting plateau is from 3O0r 
feet above its base, and everywhere overlooks tHe lower and M 
Paleozoic region, upon which it borders. Owing to innumerablf a 
ations of hard and soft layers, it presents a series of alternate bd 
and terraces of stratification, which are of uniform contour andeij 
through long distances, and greatly resemble water made temc^ 
lake shores. j 

The line of this escarpment is very irregular, forming innus^ 
curves and points. Sometimes it follows the crossing rivers until ill 
the eastern margin of the region is reached, as at the valley of tlieC 
rado near Austin. The entire length of this scarp, with its prim 
meanderings across Texas, can be little less than 2,000 miles. At( 
panying this scarp are innumerable circular flat-topped buttes, outlH 
the main plateau, which have been completely separated from itbj 
mospheric erosion and now fringe the entire margin. These are t^ 
''buttes,'' the level mesas or tops of which are capped with theiiii 
cal stratum and geological horizon which surmounts the main pU^ 
of the Grand Prairie. In symmetry of proportion and horizontal i| 
tion of the composing strata, and in clearness of every detail of ^ 
ture, there are no grander or more unique examples of atmas{^ 
erosion in our country. Often these buttes, like Double Mountaiij 
Stonewall County, are 40 to 100 miles from the main area of UieG(| 
Prairie, and invaluable landmarks in tracing the history of its degn 
tion. Among the most characteristic and typical buttes areCond 
Peak, Hood County ; Double Mountains, Johnsons Peak, Round m 
tain, Santa Anna Mountain, San Saba Peak, Church MountaiD,n 
Mountain, Pilot Knob, Williamson County; Two Star Moautai 
Hamilton and Comanche counties, and Post Mountain, in Bi 
County. 

It seems clear that these escarpments and mesas are the eff( 
erosion, and they illustrate the rapid disintegration the region is a 
going. If this be true, it requires no stretch of tlje imagination, 
cially when the fragmental patches like Santa Anna andDouble^^ 
tain are considered, to see that but a short time since in geolod 
times the rocks of the Grand Prairie extended westwaitl to theiej 
now overlaid by the Staked Plains, completely covering the ces 
Paleozoic areas and the Red Beds region of the State. Muc'u«^' 
erosion took place in the Llano Estacado epoch and converted thedel 
into that formation. 

All along the thirty-second parallel from Sweetwater to PecositI 
be seen that the western border of the Grand Prairie formation isbui 
beneath the Llano Estacado formation, without any well marked '•r 
fined escarpment, We^t of the Pecos and southeast into Me^sirt 
far as Santa Rosa the western border of the Grand Prairie is broke? 
great mountain uplifts, which have folded, faulted, and tilted atev 
angle. 
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1118 the northwestern luarg^in of the Grand Prairie region in Indian 

[jy^ito»y and Texas is bein^ destroyed by erosion. A narrow central 

riie> between the Pecos and the Colorado is buried beneath the Llano 

tlijicado formations, and its southwestern edge is broken by the great 

j^-ofntain uplifts of that region. 

' le Grand I^rairie has many diverse surface features, dependent upon 
(.^character of the underlying beds. The eastewi maigin is usually 
posed of treeless dip plain prairies with a black or brownish soil de- 
d from the underlying beds of the Washita division. The Caprina 
stone and Comanche Peak beds usually outcrop as the cap and es- 
»inent of the buttes and mesas. At the base of these there is usually 
)de valley of fertile chocolate soil, the walnut clays, which are the 
i' productive soil of the valleys of the region. 

he grand prairie can be subdivided into four conspicuous areas: 1, 
•rtbern or Indian Territory division ; 2, a central or Fort Worth di- 
»>n, lying between the Red and Colorado rivers ; 3, a southwestern or 
Minis division,lying80uthwestof the Colorado and east of the Pecos; 
Stockton division, lying between the Pecos and Trans Pecos mouu- 

IS. 

iie Indian Territory division of the Grand Prairie begins at the Ar- 
)sa8 line in the slopes of Little Kiver, where admist the dense forest 
the great Atlantic timbe*' belt, with its characteristic flora, small 
ts of limestone prairie appear with the rich luxuriant grass and po- 
i;ir flowers of the Grand Prairie. Going westward the timber belt 
omes more and more confined to the filluvial river bottoms, and the 
ts of^Grand Prairieincrease the divides of the central streams flowing 
> tbe'lied River from the north. These prairies strike east and west, 
I are true dip plains, inclining due south. The jdainsof the Kiamitia 
L ween Kiamitia and Little River), the Goodland prairie (between the 
iinitia and the Boggy), the Caddo prairie, between the Boggy and 

Hlne, the Washita prairie, between the Blue and the Washita, and 
Marietta prairie, are of this class; that is, they consist of black lands 
< rlaid by the limestones of the Comanche series (the Denisou, Fort 
rth. Duck Creek, and Goodland beds in the Indian Territory). These 
IIS ill the Indian Territory are seldom over 5 or G miles wide, and 
southward beneath the lower cross-timber region in which the Red 
er Hows, from the east line of Grayson County to Towson. 
he interior border is the descending escarpment overlooking the 
I and narrow timbered Trinity valley (Upper Cross Tintber), a nar- 

valley extending northward between the plains and the moun- 

iS. 

11 interesting feature of this Indian Territory division is its low 
tuile, that being some 30U feet below its corresponding Texas i»or- 
is, owing to its occupying the downthrow of the gieat northwest 

sontbeast fault extending froui Marietta via Preston, Denisou, and 
fH, Tex., for over 50 miles. By this fault the Indian Territory con- 
latio" of the Texas region has drot>ped down, a fact which has a 
it. important bearing on the artesian cpiestion, as will be shown later. 
st of this fault the strike of the plain and formations changes from 
, ea^^ ^^*^ ^^'^^*^ *^*^ north and south ; also a most imjmrtant and inter- 
11^ fact. The continuity of this narrow strip of the Grand Prairie in 
isiii Territory has bt-en broken by all the through cutting streams, 
^.[j have wide and deep valleys of the Quaternary terraced, or 

»iicl bottom type. 

j^e Central or Fort Worth division of the Grand Prairie.-^ThiB is the 
ie region of central Texas, north of the Colorado, lying between 
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the two Cross Timbers belts of Texas, as far south as they extend li 
lower or easteru to the Brazos), and west of the Bhi.ok Prairie re;zl 
between the Brazos and the Colorado. The Missouri, Kausas ^ 
Texas Railway from Deuison to Austin almost follows its eastern I 
der. The valley of the Upper Cross Timbers forms the western mar 
south to the Brazos, and thence southeast to Comanche County. Fi 
this point southeast to Travis County the margin of the drais 
valley of the Colorado forms the line. 

Fix)m northern Comanche County there extends westward Bonie: 
miles, just north of the thirty -third parallel, a long line of flat-top; 
buttes and mesas, the drainage divide of the Colorado and Bruzost 
ers and the reuniant of the former westward extent of the Llano E;^ 
cado. 

The central or Fort Worth division of the Grand Prairie is a typJ 
dip plain or a series of dip plains lying along the desceudin|]^ cscq 
ment of the central denuded region on the west and dipping hent^ 
the ascending escarpment of the Black Prairie (Austin chalk) and Lei 
Cross Timbers on the east. 

The eastern portion of the prairie is comparatively level, like i 
Indian Territory division, being underlaid hv the Washita beds ; N 
as we go westward it becomes more broken, .^Lcause eroeion has ¥^ 
it down to succeeding lower and lower leveld, resulting in some of tl 
most beautiful and characteristic scenery in the country. It coD^i^ 
of wide and fertile valleys, surrounded on all sides by imposing sji 
metrical buttes of the Comanche Peak ty]>e, such as the valley^ 
Hood, Bosque, Erath, Comanche, Hamilton, Bell, Williamson, Cory; 
and Lampasas counties. The buttes and mesas are of white cbal 
limestone, the Comanche Peak Group of Shumard. 

The Southet^n or Edwards Plateau division of the Orand Prairie,--' 
Colorado Kiver cuts a very deep caiion through the Grand Pi aide. 
Travis County, separating the Central or Fort Worth Division fnj 
the Southern or Edwards Plateau. The last-mentioned area is m 
portion of the Grand Prairie south of the Colorado and east oii 
Pecos, and it differs greatly from the other areas. Its width is greatj 
than its length, and as it lies mostly within the truly arid region it 
less adapted to agriculture. Its surface is also more uniform, \w^ 
composed of hard limestone strata, and is a typical mesa or plateau | 
distinguished fr6m a dip plain, since its surface, except where it j(^i 
the Llano Estacado on the north, terminates on all sides by a desceol 
ing escarpment instead of dipping beneath some newer formation, ad 
all the other divisions of the Grand Prairie. In fact, it is but the sooti 
east continuation of the floor of the Great Llano Estacado, from wLh 
the Llano beds have been eroded. Hitherto this division has bad i 
specific name, having been usually called ^* the mountains '' from t| 
escarpments which surround it. I now propose for it the name | 
Edwards Plateau, from Edwards County, where it is greatly develow 

This plateau is an extensive topographic feature and consists of 
vast rocky plain of hard limestone, covered by a scrubby growth of in*i 
quite, nopal ^Opuntia), and prosopis, or false laurel. It is a good gra 
ing country for sheep, but little adapted to agriculture, except in sbJ 
patches of creek bottom, owing to the intense dryness of its rocky sa! 
structure. 

The downthrow eastward of the great fault, which is the canseof tl 
escarpment and which is visible even as far north as Waco, does d' 
become conspicuous until south of the Colorado-Brazos divide, 10 mib 
north of Austin. From that point southwest to Del Kio, where it cro^ 
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ico, it becomes more ami more couspteuous as a great escarp- 
m t Hue, visible to the westward of the International Railway as far 
t*li as San Antonio, and from that point westward, north of the 
LlrLeru Pacific Railway, the direction of the portions mentioned of 
tm of these roads being intiaenced entirely by it. To this eastward 
Efc»i:-pment of the Kerrville Plateau the natives have applied the ap- 
X>i'ii»te name of the Balcones. 

^o little ada])ted to agriculture is the summit of the Edwards Plateau 
r t} its extent upon the map can alniost be traced by the absence of 
B. toffices and other evidences of population, 

E7he northern border of the plateau is marked by the canon of the 
I orado from Austin to Travis Peak and thence by an irregular es- 
j^Tiueut running westward thiough GHlespie, Mason, and Kimble 
I mities, where it turns westward through Menard and McCulloch, 
Eiiing the boundary of the Llano Ihirnet Paleozoic area. It turns 
stward and southward through Concho and southern Tom Green 
iiities, and thence forms the irregular breaks of the Concho River 
il is merged into the Llano Estacado in Howard, Martin, and Midland 
inties. This is a true escarpment of erosion. 

An examination of the map will show that the Edwards plateau 
oper east of Pecos occupies neatly the whole of the counties of Pecos, 
iwards, Crockett, Schleicher, Valverde, Bandera, and about one half 

the counties of Kinney, Uvalde, Bexar, Hays, Comal, Concho, Tom 
•eeu, Irion, Upton, and Crane, and a small portion ot Travis. In 
>toii and Midland counties the i)lateau becomes the prevalent Hoor 

JLlauo Estacado, beneath the peculiar formation of which it is found 
the northward. Here its narrowest width is found. After crossing 
is narrow neck for about 50 miles the west escarpment is reached in 
lich are the breaks of the Pecos Valley and which continues south- 
ard along that stream to the Rio Grande, forming a valley from 500 
1 ,O00 feet deep. 

riio greater part of the summit of the Edwards Plateau, like the 
i.no Estacado, is void of streams. Its eastern margin, however, is 
lented by a number of streams which are among the most beautiful 
the State of Texas. These streams constitute a natural growth of 
ers aud usually have enormous canons in [)roportion to their volume. 
By are mostly mountainous towards their head waters, but near the 
nt of emergence from the Balcones escarpment they flow through 
ir own debris in canons and valleys vastly out of proportion to their 
«ent volume, which no doubt represent the former deposition level 
the liio Grande em bay men t. From the coast ward border of the Ed- 
rds Plateau How beautiful streams of water. Although of secondary 
■icultural value in itself, this vast plateau has a most important bear- 

upou the water question. 
t win be well to observe that there are no sharp topographic or struc- 
al barriers between the Edwards Plateau and the Llano Estacado, 
I that the ditt'erence between them is only in the surface Ibriuatiou, 

beds of the latter overlapping the former along the thirty-second 
'aUel. Together they constitute a single vast mesa 500 miles long, 
> ill width, surrounded on all sides b3^ escarpments, indented by the 
fcdvfc^aters of rivers which have their source in the underground drain- 
s from the basal scarps of this vast mesa. While coinjjosed of the 
Terent foundation strata the Edwards Plateau, topographically and 
iro^raphically, should be considered a portion of the Llano Estacado 
3no[uena. Another interesting fact of the Edwards Plateau is the 
lea of ancient volcanic necks along its southeastern margin, from. 
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Austin to Del Bio, to which I have previously given the name 
Sbiitiiai'd Knobs. 

The major rivers, the Red, Brazos, Colorado, ^nd Rio Grande^ ha^ 
also deep cut into and almost through the formation nnderlying 
Grand Prairie, and theirdrainage valleys present the same atmospb< 
terracing as its western border. In places the river valleys assame t 
aspect of vertical cailons, as in the Colorado, Pecos, and Rio Grrai 
The depth of these valleys below the level of the plains inoi 
south westward from 200 to 700 feet. 

The Stockton Plateau. — The fourth and last subdivision of the Orai 
Prairie lies west of the Pecos, east of the Davis-Chisos mountains, ai 
north of the thirty-second parallel. It is practically a continaa 
of the Edwards Plateau but is s^)arated from it by the great caoon 
the Pecos. The northern edge of this area is buried beneath the pla 
formation, while its southwestern border is faulted and upturned in 
mountain blocks of the trans pecos region and northern Mexico, 
area lies almost wholly within Pecos County, a small portion crossi 
over into Mexico. 

For the most part it is a sterile, unwatered district, wholly witfaia tJi( 
arid region, but much of it can be made available by securing audor 
ground water. • 

The Altitudes of the Grand Prairie, — The Grand Prairie as a rale slopei 
coastward and increases in altitude interiorward from the gulf, 111 
altitude above the sea level is least at the extreme northeast corn« 
(the east end of the Indian Territory division), where it is only 501 
feet, and is 2,500 feet along the southwestern edge, where it is brokei 
into mountains. The eastern edge is between 500 and 600 feet ii 
height for 300 miles from its beginning in Indian Territory antill 
makes the southwestern deflection south of Austin. The western eilgl 
varies from 1,000 feet at Red River to 3,000 on the Rio Grande. Tin 
gradient or slope of the plain can best be understood by the sectiutt 
and profiles accompanying this volume. It will be seen that it is U 
feet per mile from Red River to Goodlaud,in Indian Territory; 13.8 M 
per mile from Handley to Weatherford through Fort Worth ; 13..3 pec 
mile from Waco to Dublin ; 34 feet per mile from Georgetown to Bw^ 
net; 28.5 feet per mile from Manchaca to the highest points north iT 
Blanco, and 7.8 feet per mile from the later point across the main F' 
wards Plateau. 

From the foregoing data it is evident that the slope of the vxraul 
Prairie averages from its beginning, near the Arkansas-Choctaw liiM^ 
about 14 feet per mile for 300 miles at the Brazos-Colomdo divided 
increases to 34 feet per mile. From this point southward the Edward 
division shows a steep gradient for a few miles along its eastern bor- 
der of 28.5 per mile, and upon the summit of the plateau decreases to 
8 feet per mile. Tbe ratio of this gradient of the surface to the incfi- 
nation of the rock sheets is the key to the determination of the artfr 
sian possibilities. 

The Structure of the Cretaceous Grand Prairies, — All the features de^ 
scribed, as well as the water and soils, are the products of the aniqoe 
geologic structure which underlies the Grand Prairie. This consists tf 
a series of almost horizontal sheets of rock, to which the writer hn 
given the name Comanche series, of different degrees of hardness, eo- 
durance, and chemical composition, as well as different capacities ftf 
the imbibition and retention of water. It is to the different weatberii^ 
of these rock sheets, also, that the agricultural soil or rock waste, tto 
variation of forest and the prairie, and other features are due; and Uenoe^ 
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1 the water conditions can be uiideri^tooil, the sequences of these 

^ iiiul their dilVerences ujust Ive understooil, all hough they at first 

;il>|>eiir to l>e siiiiihir and unimportant. 

is system of rock varies in thickness, as a whole, from 500 feet at 

urtheastern outcrop to 3,000 feet at the southwestern, the series 

jasinj^ 3 feet per mile in tliicki»ess to the son tti ward. This system 

<3k sheets can be divided into three consjiicuous divisions, which 

ro[> in parallel belts along: its length, the lowest to the westward 

the lii^best to the eastward. They are as follows : 

) The Washita or eastern and up|)ermost division ; 

) The niitldle chalky, or Comanche Peak (Fredericksburg) division ; 

) The Trinity or Basal and western division. 

iie Trinity or Basal division may be called the great water -retaining 

Bion. The Trinity sands do not occur on the i>rairie i>roper, but in 

valley of its western escarpment. The Comanche or Fredericks- 

g division is the great escarpment and mesa formation, while the 

sbita division may be understood as the eastern or dip-plain forma- 

L The Comanche and VVashita beds are not water-bearing, but 

k'e as impervious retaining strata. 

Vith these facts in mind let us examine the beds of the divisioDS a 

le more in detail.* 
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THE TRINITY DIVISION. 



rhis is the great water receiving formation of Texas, and is of the 
most importatice in the consideration of the artesian question. These 
lids \\\ny be divided into a basal or sandy and an upper or calcareous 
vision, the Trinity sands proper and the Gleu Kose (or alternating 
jils), lespectively. 

The Trinity or Upper Cross Timber sands. — While in many i)laces 

M^ vary tVom the underlying floor in material of composition, they 

usually composed of fine white cross-bedded sand, locally known 

l>iick stind, mostly unconsolidated, very porous and calcareous, yet 

Aunutimes free from lime. In places there are deposits of small jasper 

ukI quartz pi'bbles, seldom exceeding a pigeon eg^ in size, round and 

^o^n, and often cemented l)y a matrix of iron and lime, sometimes 

iardev than the pebbles. This pebble deposit is of various hues, wliite, 

i>liiek, and jasper red, and often remains as a residuum over large arefs 

>f the red beds and Carboniferous strata, from which the post-Trinity 

K ds have been denuded, as seen in Taylor, Tom Green, Nolan, Mon- 

.ij^iie, and many other counties of the Abilene and gypsum country 

«nd aiinig tbe western margin of the Llano Estacado. Silicitied wood 

^vd occasional fragments of hard lignite occur, the latter seldom, if 

;r, in continuous beds or strata, but as if the remnant of some sol- 

rv loK or tree floated out from shore. 

these sandH, although higlier in altitude than the eastern half of the 

^irie region, usually occur in a great valley of stratification that 

ier coastward by an ascending escarjiment, beneath which they 

» (Bee Upper Gross Timbers). Owing to the unconsolidated pulveru- 

t nature of these sands, they areeroded more rapidly than the adjacent 

• the umlerlying floor. As a result of this rapid denudation, the 



B Coticinche serioa lias bern partially described by tlie writer and others in 
utalpn!vit)iiH[Mp*ir8. far which Heo American Journal of Science, A\n\\ and October, 
""^juiTiaii Gt'olo^^iMt, January, February, 181)0 ; Report Geological Survey of 
. Vol. % laHrt; Report, (jeulo^iut of Texaa, 1890 j Bulletin of the Geulogictil 
l^l'Aiiieiicji, Vol. 2, iHin. 

,]i;x.41, pt. 3 6 
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main area of Trinity exposures uortb of the Brazos is in a nanroir vaJ- 
ley, seldom exceeding 10 miles in width, which extends nearly 501 
miles irregularly northward from the Bnizos to the mountains of Indiaa 
Territory, and thence eastward to Murfreesboro, Ark. This valley u 
bounded coastward in Texas by the escarpment of the more indurated 
material of the Glen Hose beds, and southward in Indian Territory by Um 
Goodland limestone scarp. The Triuity or Upper Cross Timber Valley ii 
a most marked topographic feature in the ArkausasTexa» region 
^hese sands can be seen in the valley of the Upi)er Cross Timbers in 
contact with the underlying Carboniferous and the overlying Glen Rom 
beds all along the western margin of the Grand Prairie, as at Millsap, 
Bowie, De Leon, Lampasas, but in places around the immediate pen- 
meter of the Burnet-Llano region. The Paleozoic continent persisted 
above the Trinity shore line uniil the Comanche Peak epoch. Fifteen 
miles south of Burnet, however, in another pre-Trinity toi>ographi€ 
valley, now followed by the Colorado River below Smithwick Mills, tb€ 
lithologic nature of the beds are different. Here they consist of ooarset 
rounded pebbles of Silurian and Carboniferous limestones and Llano 
schist, as well as quartz from the Burnet granite, and fine crossbeddea 
sands and shell d<^bris (resembling, as seen at Travis Peak poet-officeJ 
in the bed of Cow Creek, the Florida coquina). The Trinity beds are 
there in contact unconformably with hard Carboniferous and Silurian 
limestones, and contain much d6bris of the Burnet granite. They also 
vary in composition and thickness with the irregularities of the floor. I 

West of the ninety-eighth meridian the Trinity sands are deposited 
unconformably upon the various beds of the ** Permo Triassic " or red 
beds, as seen along the base of the remnantal Cretaceous mesas of the 
Colorado Brazos divide, Nolan, Taylor, and Mitchell counties. Where 
the underlying beds are of unconsolidated material, as in the Red Rivei 
region of northwestern Texas, the remnantal sands often occur over 
extensive upland areas, as seen east of Abilene, in Taylor County, and 
in other places. Some of the sand hills along the western escari^meut 
of the plains are also of this nature. This formation, although of lim^ 
ited areal exposure, has a wide range of occurrence along the interior 
border of the more calcareous beds of the Comanche series from souths 
western Arkansas to New Mexico. It is usually absent along the 
eastern front of the Rocky Mountains, from Las Vegas, N. Mex., northi 
waTd, unless the Atlantosaurus beds at Canon, Colo., are synchro- 
nous, which is not yet known. A portion of the sands of New Mexico 
described by Marcou and Stevenson, which occur northeast of Santa 
Fe and at other i>oints near the intersection of the Pecos River, are 
probably of this formation and may mark its western border. Upon 
careful comparison 1 am also inclined to think the white belt of Tucum 
cari Mesa, New Mexico, and the escarpments of the adjacent Llano 
Estacado and Las Vegas Raton plateaus is composed of the Trinity 
sands. Fragmental areas of this terrane are also seen between the 
Pecos and the escarpment of the Llano Estacado in southeastern New 
Mexico, east of Eddy, indicating its extent beneath the Tertiary plains. 
Jn southern Kansas the Cheyenne sandstones have been ascribed to 
this age by Craffin. 

South of the Colorado and east of the Pecos the occurrence and ex- 
tent of the sands are concealed by the overlying limestones; and after 
many journeys in northern Mexico and southern Texas I have be^ni 
unable to find the base of the Comanche limestones exposed in these 
regions, except in the vicinity of Miquihuana and Catone, Mexico. 

Water conditions. — The imbibing capacity of the pack sands of the 
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iiity is very great, for nearly every drop of rainfall upon tlieiii is 
;orbe<1 ami tiaiLsmitted heaeatb ^^lie Grand Prairie, for artesian use. 
I thickiiesH of tlio Trinity sands is variable, but from artesian bor- 
^s at XVaco and Fort Worth I estimate it to be from 3t»0 to 500 feet, 
ioh t<><;ellier with the known area of the sheet beneath the Urainl 
lirie of thousands of sijuare miles makes a grand storage reservoir, 
ich saturated with 25 per cent of its volume of water wouhl beeciniv- 
iit to billions of gallons. VV'liile it is doubtful if artesian flow water 
1 be obtained, as a rule, in the area of ontero|) of the Trinity sands, 
ire i« one well on its eastern margin, Blutl" Dale, where there is a 
all tiow. Abundant nonllowing wells are obtainable ever3^wliere 
oughout the region, however, at shallow depths, and if these are 
ge and deep enough, they eau most |>robably be used for garden 
igatioii. The northeastern part of the town of Comanche is situated 
these sands, and the abundant well water of that place is deriveil 
nn them. 

The Glen Rose beda, — The basal sands of the Trinity division just 
Bcribed are suci;eeded in continuous depositions by u grou[» of strata 
Liich are of great importance to the water question, owing to their 
eat capacity for water. These are composed of soft yellow magnesian 
ssiliferoua beds, sandy at base, alternating in dimension layers with 
I exceedingly tine argillaceous sand, with occasioiral layers of porous, 
lalky, and magnesian limestones and are often oolitic in structure. At 
ouiitBounel, west of Austin, this oolitic structure is seen in nmny of 
le layers of indurated stones and marls, while nodules and geodes of 
eantiful anhydrite, calcite, and strontianite crystals arequite abundant 
nd are of value as a means of identifying the terrane. 
Tlieie are in these beds many layers of dimcTision stone of almost 
leniical lithologic character with that of the celebrated Caen quarries 
if France, so largely imported into our northern seaports. This stone 
s extensively quarried at Weatherlord, Granbury, Belton, Oatman- 
nlle, Ker\ ille, ami other places, and will no doubt some day occupy au 
lnilM>rtant position in the resources of our country. 
{^PlUc unequal weathering of the hard ami soft layers (produces in the 
Kled topography a beautiful bench and terrace effect, so much re- 
Pmbling ancient \shore lines along the western escarpment of the 
iiraud Trairie, where it overlooks the Trinity Valley and the lower 
Paleozoic beds from which it has been eroiled, that earlier geologists 
have ofteu confused these features with shore topography. On fresli 
fracture these rocks are usually white or of au intense orange or yel- 
low r(tl(»r, but weather into a dull gray. 

Tlie Glen Hose beds uortli of the Cohirado-Brazos divide are ex|)08ed 
'\\mg a narrow area occurring as a pr<nrie stri[) in the heart of the 
Upner Cross Timbers. Their first api>earance northward is in the 
xvt^stiTn part of Wise County, and they increase in area southward in 
1 »arlu'r, Hood, Erath, ami Comanche counties. They constitute much 

nbMid, SomerviUe, Comanche, Lampasas, Ball, Travis, and Burnet 

bwiilics, occurring in the slopes of the rivers, 

/riiese beils do not outcroj) in Indian Territory, owing to the overlap 
' later (h'posits, but appear in Arkansas from Ultima Thule eastward 
Mnrlnesboro ; the limestone layers described in my report on Ar- 
ansas under the general classification of the Trinity sands belong to 

his terrane. In the counties of southwestern Texa«, between the 

^cco8 and the Colorado and south of the Burnet-Llano Paleozoic 
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Edwards plateaa. Tlio Gnadalape, Comal, Nueces, Frio, MediDa, and 
Devils rivers have Ibeir origin in tlies*'. alternating be<l8. 

They also constitute the prairie spots in the upi)er Cross Timbers, 
between Wea^herford and Millsap, on the Texas Pacific road, and all 
the slopes of the valleys, except Comanche Peak, around Gransbuir 
and Somerville. The hills (except the highest summits) around Lao) 
pasas, and in Travis County, west of Austin, are familiar exainp]&> 
of these beds. They are beautifully stratified and their rich yellow 
tints make unique landscapes.* 

In the southern area these beds are surmounted by the Walnut clays 
or Bxogyra Texana beds, which are assumed to be the base of the true 
Cretaceous. North of the Lampasas they are oyerjaid by the Palmy 
sands, an arenaceous, water bearing terrane of great economic imiH)r 
tance hitherto unrecognized and undifferentiated from the Trinity divi- 
sion. 

The total area of the outcrop of these beds is large, and they are 
an important factorin the water question, for they imbibe water for the 
artesian supply almost as readily as the sands. Upon Mount Bonnel and 
elsewhere it is noted that immediately after a rainfall the oolitic marls^ 
of these beds so completely imbibe the moisture that the roads are made 
firmer and better for travel instead of becoming muddy. 

The thickness of the beds between Comanche Peak and Paluxy is 3O0 
feet, while along the Colorado Canon they average about 425 feet, as 
seen in sections accurately measured under my direction by Messrs. 
Taff and Drake. 

It is important to note that these waterbearing beds are merely 
an upward continuation of the Trinity Sands, enormously increas- 
ing the whole thickness and areal extent of the artesian area. The 
lower Cross Timber sands, on the other hand, are capped directly by 
very impervious clays, which decrease the downward passage of mois- 
ture into them. 

The Paluxy sands. — North of the Colorado-Brazos divide the alternat- 
ing beds of the Trinity division are succeeded by a sheet of fine white 
pack sand, oxidizing red at the surface, about 100 feet in thickness^ 
closely resembling the Trinity sands and often mistaken for them. They 
outcrop along the eastern edge of the Brazos Valley, in Parker and 
Hood, and also in Erath, Comanche, Coryell, and Bosque counties. 
South of the Colorado Brazos divide they disappear, the Comanche Peal^ 
beds resting directly upon the Glen Kose beds. These beds are es- 
pecially conspicuous southwest of Granbury, forming the timber« 
upland of that region, along the line of railroad between Granbury and 
St4']>lienville and around the base of Comanche Peak. 

The Paluxy sands, which are so called from the town and creek oi 
that name in Somerville County, can first be sepai-ated from theTrinitjj 
sands in Wise County at a point between Decatur and Alvord. A( 
Decatur the beds are well developed. In general character they are 
somewhat similar to the Trinity sands, but there are difiTerences. Th<^ 
Paluxy sands have none of the fine pebbles which characterize tbebasti 
of the Trinity and are more calcareous and argillaceous in places, whik 
those of the Trinity are more ferruginous. | 

At Decatur the Paluxy sands contain laj^rs of honeycomb bed an^ 
very argillaceous limestone. The gradation from the Paluxy to the 

• lu tbo niouDtains of nortlnni Mexico the beds ajs^ain appear throuffh the int<^r> 
veiling; Tertiary plain as a part of the Santa Kosa and Arboles ranges, bat they an 
mctaiiiorpbuscd into a hard blue limestonoi which has beeo iiiistaifen by some (id 
6iluriau. 
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)verlyiiig and underlying beds at t)ecatur is also rather gradual. At 
Domanche Peak the sands form the plain upon which the butte stands, 
naking a belt of forest region surrounding its base. Here the beds 
lave a thickness of about 100 feet, and of a, character similar tx) that at 
Decatur. West and south of Comanche Peak they occupy a consider- 
able area, while they extend many miles down the Brazos, finally dis- 
ippearing at Bluflf Mills near Kimball where they make the shoals over 
w^hich the river runs. Jonesboro, Coryell County, is situated directly 
)n the outcrop of these sands, )And the Lanham road northward from 
:he town crosses it several times. A few miles north of Jonesboro the 
mnds ht^re a thickness of only about 15 feet, showing a decrease to the 
iouth. .The transition from the Paluxy sands to the underlying beds 
s a little more gradual, for which reason these sands are placed in the 
Domanche Peak division. 

The sand is stratified and occasionally cross bedded, and there are 
local hardenings. The color varies from gray to yellowish, and the 
Amount of ferrugination which is here found is variable. The sand is 
Also marked by the growth of forest timber, largely post oak, though 
stiller growths, as sumac, also occur. The sands probably extend for 
a considerable distance down the Leou Valley, although it is difficult 
to determine their exact extent on account of confusion with the drift 
of the Leon River, composed of this debris. The sands appear only in 
scattered spots further toward the south. Thus, east of Burnet, on the 
Mahomet road, they appear as occasional areas of reddish sandy lands, 
bearing a growth of post oak. Sometimes these localities are very small 
and may be seen on one side of a slight valley of erosion, but not on the 
other at the same level. Elsewhere, however, they have a very consid- 
able and unmistakable outcrop, as, for instance, near the iuuction of 
Northern and Kussell forks of San Gabriel River. 

To the north\*ard the Paluxy sands increase in development, over- 
lapping interiorward the Glen Kose and the Trinity beds and abutting 
against the mountain area in Indian Territory from a point west of 
Ardmore eastward to the Arkansas line, where they occupy the escarp- 
ment valley of the basal Comanche Peak beds of Preston limestone. 
Tbey also appear at Preston Bluff near Denison. These sands, which 
the writer has hitherto classed with the Trinity and which may yet 
prove to be inseparable from them, have been traced by him <luring the 
past year from the Arkansas line westward. At no place in Indian 
Territory east of the ninety-seventh meridian do the Glen Rose beds out- 
crop, and it is my opinion that they still remain concealed thereby this 
aneroded overlap of the Paluxy sands, for the alternating beds are again 
exposed beneath them in Arkansas. 

The absence of these sands south of the Colorado-Brazos divid^ can 
best be explained on the hypothesis that the near shore se<limentation di- 
minished from the mainland area to the southward and by the exist- 
ence of the buried pre-Trinity and the pre-Paluxy topographic protuber- 
ance of carboniferous limestone, which persiste<l above the Trinity 
waters in the Burnet area until the Comanche Peak epoch, and ex- 
tends from northern Burnet and Llano counties eastward into Lam- 
pasas County, and then divides the country into a northern embayment 
and a southern open sea. The presence of this ridge is shown by the 
difference of level in the pre Comanche floor, as exposed by the erosion 
of the Comanche sediments at Lampasas and Burnet, and by the hori- 
zontal deposition of the latter upon its unequal altitudes. This is espe- 
cially well shown in the profile from Burnet to Smithwick-Mills post- 
<>fl1ce, the Carboniferous floor being revealed in unconformable contact 
with the Trinity at all altitudes from 650 to 1,200 feet 
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The Palnxy sands arc also a wat^r bearinj? sheet, and increase thi 
thickuess of tlie water- beai in f,^ gronp (the Trinity, Olen Rose, and Pahixi 
heds). It is this sand which sapphes the first water strack in tls 
Waco and Fort Woith wells. South of the San Gabriel it can not b* 
expected. 

The impervious beds of the Comanche Peak and Washita drnttont.- 
The strata succeeding the Paluxy sands are mostly impervions or rt- 
taining layers, by aid of which the water iu the previously describe 
formations is confined under pressure to greater depths. These slieeti 
in ascending order are as follows: 

1 . The Oryphaea rod' and Walnut clays. — ^The Palnxy sands ire every 
where succeeded throughout their extentby a remarkable stratum of ovi^ 
ters (Ciryhpaeapitcheri)occurring sometimes in solid masses from lOtoai 
feet thick, and in some places imbedded iu a caTcareous matrix. Tbi 
sheet is sometimes underlain and overlain by yellow laminated marl 
contiiining a flat oyster (Exogyra texana, Roeraer). IJence the Grr 
phaea rock and Exogyra clays must be discussed as one sheet. Tbj 
yellow clays also contain occasional flags of hard, crystalline limeetone 
com]K)sed largely of shells of Exogyra tsxana. Por these the uara§ a 
Walnut clay is proposed, after their characteristic occurrence at Waj 
nut, Bosque County. 

At Comanche Peak this great oyster bed and the clays encircle thi 
base of the butte, forming a well-marked bench around the momttaiii 
Below them are the timbered Paluxy sands. The shells are more o^lejj 
loosely cemented, and form one of the most unique rock sheets in oi^ 
countryi This stratum, which is an invaluable guide to well borer^ 
extends from the Trinity to the Lam])asa8 and is beautifully exfiosed i 
the counties of Parker, Wise, Hood, Erath, Comanche, Hamilton, Coi 
yell. Bell, and Lami)asas, forming a: foundation for the Walnut clays 
whose exposure is coincident with it. 

The Walnut clays, which are alternating strata of thin limestone fla^ 
and yellow clay marls, are accompanied by inconceivable numbers c 
the flat ear shaped oyster {Exogyra texana^ Koeilier). These claj 
weather intt) exceedingly fertile chocolate-colored soil, forming thechi^ 
agricultural valleys of the Grand Prairie division. In extent the^e bed 
coincide with thcGryphaea breccia. North of the Lampasas they ai| 
separated from the Glen Rose beds by the Paluxy sands. South of tha 
river they rest directly upon these sands, and constitute a prominei) 
topographic bench or plain near the summit of thebuttes, as seen we^ 
of Austin in Travis County. 

2. The Comanche Peak chalk. — Overl.ving the*walnut clays and sn^ 
ceeding them rather abruptly is more chalky rock sheet, for which D\ 
Shqmard proposed the name of the Coman<?lie Peak beds. Thiscbalk i 
the formation constituting the slope of the mountain (butte) betwee 
its ba.se of walnut clays and the cap rock. The chalk is hard but rea<lil, 
disintegrates and usually occurs as the slope or escarpment of the butte 
and mesas. It is exceedingly fovssiliferous and its nnmerons and clmT 
acteristic species are given in my check list. The thickness of this bei 
averages al)out 100 feet in central Texas, but it thins rapidly to tb< 
northward and thickens to the southward. The be<ls grade op waw 
into the Caprina limestone, from which itisdiflferentiated, however, bj 
displaying more regular and frequent lines of stratification and by iti 
crumbling nature. 

The beds are sometimes covered with growth of rather thin scrubbj 
oaks, but usually they are bare, and can be readily distinguished bj 
their whiish slopes, as seen near Ben Brook west of Fort Worth. Tb< 
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loil is thin or absent, and tbe angular frngments of tlie weathering rocks 
iiake op the surface. Frequently, however, there are large areas over 
livbich the Comanche Peak horizon extends as the surface of the forma- 
tiiou. 

The Oapiina limestone — Topographically this is an important factor 
iu Texas, since its superior hardness and resistance have preserved it 
%B the capstone of the iunumerabile round ^'mountains'' (buttes), me^as, 
Aud plateaus of the central portions of the State, where it forms great 
rocky ))lains of resistance to denudation. So perfectly does this lime- 
f^tone find expression in the topography that its extent can readily be 
traced by the highest contours of the topographic maps of the United 
States Geological Survey of Coryell, Bell, and other counties. It may 
be said to be the determining factor in the topography of the region. 
All the buttes or so-called mountains north of the Colorado are capped 
by it; the great scarps which often run for miles, overlooking the prai- 
ries to the west represent the ^ame stream ; tlie walls of the canons 
which many of the streams have cut are almost invariably composed 
of the Caprina limestone. South of the Colorado it is also the cap 
sheet of the great Edwards plateau. 

This rock sheet is the direct continuatian of tbe Comanche Peak 
chalk, only the limestone is harder and more persistent, and the fossils 
less numeious and characterized by the occurrence of a few peculiar 
forms. 

At Comanche Peak the limestone is between 30 and 40 feet thick, 
and though it increases southward it does not change greatly. It can 
correctly be called an indurated chalk. It is more or less stratified, 
although usually a great massive bed from top to bottom. ^ Some parts 
are harder than others and so make up a curved outline to the bluffs; 
others are mattrialiy softer and frequently are eroded away, leaving 
either honeycombed cavities or shelves under the overhanging hard 
layers. In places it contains beds of beautiful flint nodules. 

Concerning the distribution of the Caprina limestone it may be said 
that its outci'op covers an aggregate area larger than tbe State of Mas- 
sachusetts. In northwestern Texas the Double Mountains of Stonewall 
County are capped by the Caprina ; as are also Comanche Peak, and all 
tbe buttes, and the high bluff's marking the caiion of the Brazos from 
Bluff' Mills near Kimball far down the river, the buttes and mesas about 
Walnut and Iredell and toward the south, those about Meridian, Jones^ 
boro, and Valley Mills, and the Jehosaphat plateau of Travis County 
and western Williamson county. It is seen in grand bluffs along the 
Nolan River at Blum,and in some of the smaller streams near Fort Gra- 
ham : it outcrops in the creek at Belton, and makes up the whole sur- 
face of the broad mesa, extending thence westward ibr several miles 
to the point where it makes the cap of the great bluff' facing westward — 
a magnificent illustration of the relations of uniform and gentle dip 
together with comparative hardne.ss to the process of erosion. It caps 
the buttes as far west as Kempner and southward toward Florence, 
where- it makes again the level surface of the mesa. Pilot Knob, north 
of Liberty Hill, Williamson County, and many of the buttes high up 
the Colorado about Anderson Mills are capped by it. The Caprina ter- 
rane is usually covered with a thick growth of scrubby oaks and smaller 
trees, especially where the outcrop is not of large area and the rock 
comes near the surface. In places there are broa^ fertile prairies upon 
its ontcrof), as about Pancake, Bagdad, and Turnersville. 

It has been stated that the Caprina is uniform throughout. In the 
southern portion of its area there is an exception to this rule and it 
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might be divided into an upper or flinty member and a loweroreb 
subdivision. The flints appear in the vicinity of Meridian, but ODh 
a few fragments; they increase very rapidly southward, being ml 
grand development about Belton. In the northern part of the re^ 
they are comparatively large, oval flattened nodules, usually of bl 
flint. These occur throughout the larger part of the region studied^i 
tending southward at least as far as Pilot Knob, a few miles uortb 
Liberty Hill, and thence on to the Rio Grande, constituting the snm 
of Edwards Plateau. It is doubtful if the downward extension of 
rock sheet be as hard as the surface outerop, for all the chalky 
of Texas harden or set upon surface exposure, through th^ir- bydrai 
properties, and hence in drilling wells this rock sheet will not prove] 
hard at the snrface. This formation thins to the northeast and togetf 
with the underlying Comanche Peak chalk and Walnut clays is rei 
sented only by a thin stratum in Indian Territory, which is known 
the Goodland limestone. (After th^ town of Goodlaud in Indian 1 
ritory.) 

4. The Washif^i or Indian Territory Division. — In order to appreci 
this division in the region of its greatest development, we must trans 
our attention from central Texas to southern. Indian Territory aud 1 
Red River, north of Deuison. In this region the sands (Palnxy or Tc 
ity) occupy an escarpment valley against the soufheru flaok of t 
mountains from north of Marietta to Murfreesboro, Ark. These II 
surmounted on the south by an escarpment of fine white limeston 
which I have called the Goodland limestone, and although only 20 m 
in thickness it is shown to be the Comanche Peak group. Soutbwa^ 
and al>ove this begins a group of strata to which I have given the nan 
of the Washita division of the Comanche series. 

This division has its prevalent and characteristicdev^lopmentin nortt 
ern Choctaw and Chicksaw nations of Indian Territory and in norther 
Texas, in Grayson, Cooke, and Tarrant counties, where itis thepredon 
inant formation. It extends southward to the Rio Grande at Del Ri< 
but becomes greatly changed in lithologic character, assuming a moi 
calimrous aspect and decreasing in thickness, except a portion of its u] 
permost beds (the Denison beds), which for water purposes sboald I 
classified with the lower cross timbers sands. These Washita bedsai 
mostly impervious, and nonwater-beariug. Itis important to be ab 
to recognize them, however, for by them the depth and flow can bee 
timated with certainty. 

5. The Denison beds. — ^The Fort Worth semichalky beds are overia 
in the Rod River district by a series of shallower deposits of laminate 
arenaceous clays (the Arietina clays), at tbe base grading upward in 
the sandy clays and occasional limestones, the chalky element of all t1 
uuiierlying Comanche series having finally disapi^eared. The detail 
these beds as seen with slight variation in Grayson, Cooke, and DenU 
counties and in Indian Territory ])resents a threefold division. At tl 
base taey are composed of a blue marly clay weathering brown, wii 
occasional layers of immense rounded fissile indurations,^enerallybro^ 
in color. Al)Ove these the beds are more sandy and ferruginous, oxydi 
ing into ironstone and almost indistinguishable from adjacent Dako 
sandstones, but separated from them by the upi)ermost i)ed of impn 
yellow limestone which underlies Main street at Denison. ' 

The foregoing rock sheets are those which control the artesian eo 
ditions of the central Texas region, and with them in mind the po» 
bility and probability of water can be discussed intelligently. Beio 
doing this, however, a word or two is necessary as to the variation 
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Si" of the extensive dt^posits. From a study of four parallel sec- 
ised u[H)ii actual uieasuioineiits at intervals (roin 1(K» to 200 miles, 
\ug from Indian Territoiy southward to the liio Grande, the fol- 
(leductions may be made: 

'hese beds were laid down agaiunt the Ouachita Mountain system 
111 Territory and over all the preexisting area of Texas, except 
mountain areas of the Oregon and Guadalupe mountains. 
he more littoral, or water beaiing, terranes of the Dakota, 
> and Paluxy beds anti tlie Denisoii l>eds increase in thickness anil 
icity character to the uorthward and diminish to the south- 
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chalky terranes, as the Comanche Peak, and Capri na 
ne and t lie Glen Hostf beds, thin out to the northeast; they increase 
usly in thickness southward, in which direction the open sea pre- 
In boring artesian wells these different thicknesses play an im- 
part. 

►POaRAPHIO EXPRESSION OP THE COMANCHE TKREANES. 
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ug described the stratigraphic units whichcomposetheComanche 
8, attention isinvited to the unique topogrjiphic forms which char- 
9 thetn, and to theextensiveerosion winch they record. i*riuianly 
tem, as a whole, may be conceived as a great sheet ol stratadi[)ping 
arc! from the interior at nn average rate of UO feet per ihile, 
iug in strike with the shore line against which they were depos- 
This strike is tirst due east and west from Murfreesboro, Ark., 
ietta, liid.T., a distance of 300 miles. From the latter point 
little westward of southward to San Antonio, Tex., whence it 
% westward to the Trans- Pecos Mountains. The area of this 
J marked by two long and simple fault lines, which p oduce the 
ipographic inequalities due to disturbance. Tiie first of these be- 
the angle of the intercepting strike in Indian Territory and Texas, ' 
tends northwestward and southeastward, through a point north 
lison, Tex., for over 50 miles. The downthrow is 000 feet to 
rthward, and Lied River tlows along the line of this fault for 20 
it more. The second great fault extends from near DaUas to Del 
8x., passing by Austin, New Braunfels, and Uvalde, with iucreas- 
wnthrow as w^e proceed westward. 

•e have been at least tliree great epochs iu the destruction and 
fttion of this ancient Comanche rock sheet. The western bor- 
s faulted and much elevated durirrg the northern Mexican, Trans- 
and southern New Mexican mountain-making epoch, for its rocks 
nto t!»eir disturbed structure in increasing quantity southward. 
?diments of the great Llano Estacado epoch which constitute the 
Estacado formation, are largely composed of Comanche dt^bris. 
ensive was the denudation and erosion of this little appreciated 
ne epoch that the western two thirds of the Conjanche series was 
led, and entered into the composition of these lake deposits, 
t this great denudation of the Comanche series took jdace since 
ocene is turther demonstrated, first, by the utter absence of 
iche dubris iu the satuly littoral beds of the latter formation j the 
svelingof the Eocene time did not cut down to the Comanche se- 
secondly, i>y the fact that the Comanche debris again enters into 
«ition of tlie post Eocene formations of the coastal region, of prob- 
ruchronous age with tfie Llano Estacado epoch, 
seconil e[>och of destruction of the Comanche series by deuuda- 
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tion tbna far recoprnized was in late Quaternary time, when the 
coast coiiici<UHl with the present western border of the coast prai; 
By this process the water-bearing sands were removed from a large 
ami the older strata exposed. 

By this erosion and degradation by far the greater part of this 
nificent series has been eliminated, and what now remains, altboj 
covering an immense area of country, is only a remnant of the prev 
extent of these waterbearing rocks. 

The present topographic forms of the Grand Prairie can be 
understood. The firm, persistent limestone and harder chalks pi 
escarpments of stratifiation. Thus the outcrop of the Goodland 1 
stone in Indian Territory forms an escarpment some 200 miles I 
overlooking the valley of the Trinity and Paluxy sands. The l>i 
Greek, Denison, Fort Worth, and Caprina limestones produce si 
landmarks. The softer disintegrated chalks nearly always occq 
those places on the slopes or faces of the escarpments, while the cli 
and sandy terranes, as the Walnut clays and Trinity and Pal 
sands, weatlier into extensive plains or semivalleys extending iot 
ward from the ^escarpments. Where the head- water erosion of 
newer drainnge above mentioned encroaches upon the shorter and mo 
precipitous drainage slopes of the older and deeper incised draina^ 
buttes and me^as are evolved. Where the Comanche Peak bed si 
mounted by the Gaprina lihiestone constitutes the divides it is usela 
to expect llowing wells. These buttes are invariably of the followif 
types: (1) Flat topped mesas, surrounded by precipitous escarnmenti 
(2) basal plains or pediments composed of Exogyra texana clays ail 
the Gryphdea beds; (3) slopes of 45^ compOvSod of the ComancI 
Peak chalk. If the divide is composed of the Glen* Rose beds the t 
sultine: buttes are usually conical, encircled by benches resulting fro 
the alti^rnating soft and hard layers. The great diftereuce of hardne 
in the respective terranes is also pro<luctive. This is especially tn 
of the eastern half of the Grand Plains area of plains that» coineidei 
with the prevailing dip, and terminating eastward against an escar 
ment of the overlying beds, invariably detlect the drainage parallel 
their strike. On the west it is shown by a descending escarpmei 
These dip plains are beautifully shown in northern Texas and soutbe; 
Indian Territory, where they constitute the prevalent topography ai 
extend over vast areas. The prairie t>etween Fort Worth and Weath< 
ford is a fine example of dip plain, as well as are all the prairies 
north Texas. 

WATER CONDITIONS OF THE GRAND AND BLACK PRAIRIES. « 

These regions, especially the Grand Prairie, possess peculiar walj 
conditions, which are the product of the structural and topograph 
conditions we have described. 

The water features are of three distinct classes, to wit : (1) The Qrai 
Prairie Drainage, or river system; (2) the Mammoth Springs of S 
Antonjo, San Miircos system.; (3) the Waco-Fort Worth and the D 
lasPottsboro artesian systems. 

The Rivers of the Grand Prairie. — Two of the great river systems 
Texas are found in the Grand and Black prairies, the ^d,'Colora 
Brazos, and Pecos, or rivers of the plains and mountains, cut throi^ 
thenj far below the present surface and drain little or none of the si 
fa<te, as will be seen by examining a map. The second system is o 
peculiar to the region, consisting of stnams which originated upon 
surface when the coast line of the Gulf of Mexico almost coinci 
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|Grand Prairie streams are analogous in origin to the small 
B that now Iriiige the coastal phiin near the Gulf^ and a slight 
bn of the coast would leave the latter in the same position as the 

LThey drained the Grand Prairie when it was a coastal [vhiin, 
e its elevation have been cutting deeper and deeper into itssnr- 
^erosion and extending their sources westward by head- water 
^ This system of streams is inconspicuous in Indian Territory, 
Ireases in size and importance southward. The central or Fort 
I Waco division of the Grand Prairie is represented north of tlie 
[by the Paluxy aud Trinity group; between the Bnizos and the 
Bo' by the Bosques and the Leon ; south of the Colorado by the 
bas and the San Gabriel. TheConchos, the San Saba, and Llano 
long Ui this group in origin but have cut through the Grand 
\ floor. 

treams of this class having their origin in the eastern edge of 
ards plateau are the Pedernalis, San Marcos, Guadalupe, Cibilo, 
San Antonio, Frio, Hondo, Sabinal, Nueces, Elm, Las Moras, 
iver, and Howards Creek, An interesting fact concerning all 
ie streams (except the niain Trinity, the Concho, San Saba, and 
rhich have completed their head- water Jouruey across the plateau) 
Iheir fall or gradient is much greater than that of the coastwarcl 
k the Grand Prairie. From this feature their valleys become 
j and wider to the eastward, making flowing wells a possibility 
kviug large areas of flat-to|)ped divides between them. This 
{topographic fact has an important influence in the artesian con- 
fas will be shown later. 

Ikher interesting feature of many of these streams is that their 
jtsonrse is composed of arroyos, dry and waterless except in tiujc 
fUi water. Their medial portions where the stream has cut below 
jroanche Peak group are usually fed by springs from the sands 
ternating beds ; towards their lower portion they otteu disappear 
|i the surface of the limestone debris, pools of water remaining 
kbe ground at short intervals, from which a stream may flow a 
it and then disappear in the rocky debris. 

Et of the Colorado these streams are of secondary value for irri- 
but south of that river they increase in importance and in the 
8 Plateau are quite extensively used and can be made of great 
In this region the streams cease running (except when aug- 
by the great si>rings to be described later), when they reach the 
the great Hio Grande embaymeut or the Black Prairie plain, 
bibed by the pervious strata. 

io Frio is a good example of these rivers. From the point where 
am crosses the Southern Pacific to its mouth it flows in the al- 
iat, gravel-covered region of the Rio Grande embayment. In 
krtionof its course, although nearer its mouth, it has little water, 
lone. Ascending the stream northward it appears to flow from 
ptain gorge, but npon closer study these mountains (which are 
to the northward from the Southern Pacific road as far west as 
rd) are seen to be escarpments of the Great Edwards Plateau. 
he river Htiws through a valley often several miles wide, sur- 
^\ by high hills on each side, tilled with ancient gravel deposited 
[stream when the gulf waters reached into this embaymeut. The 
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stream is clear and swift, flowing 1,000 gallons per miuate. Tn a{?« 
miles the walls close in and the valley averages 2 miles in^ width forlj 
miles or more, with good agricaltural lands in its bottoms. 

About 25 miles north of the railroad the precipitous yellow bluffs al 
the canon begin to assume higher proportions, and numerous spriij:^ 
begin breaking out of the oolitic marls and sandy clays of the alters^: 
ing beds. The dip of the strata here is 74 feet per mile. From Vn 
Pelts to Leaky, the county seat of Edwards County, and thence to 
water hole this great canon continues, the water generally increa«i! 
upstream from the many springs. These springs are very frequent 
in the aggregate flow enough water to irrigate thousands of acres. AS 
Frio post-ofiice there are over a thousand acres irrigated from tbi 
stream. 

Froin Frio water hole on to the head of the river the water cease* 
but the great canons continue until the rocky summit is reach&i 
Crossing this plateau for a few miles, tlie head of the south fork oi\k 
Guadalupe, descending to the Black Prairie, is reached and the sas 
phenomena are seen, to wit : (1) A long stretch of head-stream arrojo^j 
(2) a medial portion consisting of deep cnfions, with widening valleys 
where the water becomes abundant and sufficient for magnificent irri^ 
tion enterprises, the source of supply being numerous constant sprtn^ 
from the alternating beds which form the walls of the canon; (3iJ 
lower portion in which the volume decreases through imbibition of ik 
stream d^brip. 

The supply of water for these streams can l)e clearly seen in tfe 
springs in the lower beds of the Edwards Plateau, which flow out i 
water level and could no doubt be greatly increased in volume by ait 
flcial means and preserveil for irrigation by suitably lined reservoii 
and ditches, which could be constructed with cheapness, because tin 
entire mass of the plateau is composed of rock suitable for makin; 
hydraulic cement. 

The valleys of the streams of the Edwards Plateau, as the Pedei 
nalis, the Guadalupe, the Comal, Medina, etc., are among the mod 
beautiful, picturesque features of our country, and proper usage of tbe« 
waters would increase the productivity of the region a thousamlfold 

The source of the spring waters which supply these streams is tin 
same as that which supplies the wonderful artesian wells and thema^ 
moth springs of the San filarcosSan Antonio system. Although iti 
surface is an arid country, the Edwards Plateau is a great water m 
ervoir of priceless value to the State of Texas, and the time^will sooa 
come when it will be considered criminal to permit one drop of iti 
valuable flow to reach the sea unused. 

The streams of the system north of the Colorado are not relative! 
so important for irrigation, owing to their slighter volume and fall, bi 
by a little care and mechanical aid the capacity of thousands of aow 
which are now idle or unprofitable could be made more profitable. tM 
is especially true of the Lampasas and Leon, Bosque, and Paluxy. 

The mammoth springn of the ISan Antonio «y«/^}n.— Following tbe 
boundary of the Grand and Black Prairie regions of Texas from Dalla* 
to Del Kio, a distance of 400 miles and increasing in volume 80uthw«ni 
there is a series of most remarkable springs, which rise outoftbe 
ground and flow oft' as veritable rivers. These springs are oft4?n 
such magnitude and beauty that it is impossible to convey a prop^ 
conception of them. They do not break out from bluff's or fall in cas 
cades, but appear jis pools often in the level prairie, filled with watef 
of a beautilul blue color which flows swiftly silently away by tbe out 
let which drains them. 
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n€ pools are carpeted with exqnisife water plants, forming a waving 
»» iu which may he seen many fishes. So transparent and crystal- 
i are these waters, that objects 15 to 20 teet below the surface appear 
y a foot away. No tint of surface debris or of jstorm sediment mars 
r crystal clearness, for they are purified by rising through nature's 
Bt a thousand feet of the earth's strata. 

\t is an interesting fact to note that the trend or line of these great 
rings coincide almost exactly with the west fulge of the Black l*rairie 
J with the line of the great Austin Del Kio strike fault, which loi- 
rs its parting with the Grand Prairie. A study of rocks in the 
unity of the springs will always show that there is a system of joints 
fractures coinciding with this groat fault line and it is up in these 
3ures that the waters force their way. In other words, these springs 
ve their origin iu a deep-seated rock and are forced to the surface by 
drostatic pressure from the basal Comanche series. They are natural 
tesian wells. 

The most conspicuous of these sjn'ings are at San Antonio, Del Rio, 
iU Marcos, New Braunfels, and at Austin. In addition to tliese there 
I* magnificent springs at Round Rock, Georgetown, Sahulo, Beltou, 
\ ilde, Las Moras, Clark, and other places. The Cedar Springs south- 
ii^i of Dallas are probably the most northern of the line. There are 
so numerous small springsof the system which need not be mentioned. 
1 n order to corivey an idea of the magnitude of these springs, I shall 
[ >^cribe one or two of the most important. Perhaps the largest of the 
roup are the springs at the head of the San Antonio River, a few 
liles out of the city of San Antonio. They flow out of the ground in 
reut volume, 23,000 gallons per minute, nearly 50,000,000 ji^allous per 
ay, forming an exquisite lake from which flows through the heart of 
1h^ city the magnificent river of San Antonio. 

Around this marvelous group of springs and upon the banks of its 
)iittlow were located the most ancient Indian settlements, or Pueblos, 
if Texas. The early S|)anish missionaries, seeing the beauties of the 
place and its natural advantages, located six magnificent missions here, 
within a short distance of one another, with surrounding plantations. 
The Spanish thus conducted the instruction of the natives, whom they 
employed in the cultivation of farms and gardens irrigated by the spring 
w aters. The ancient acequas or ditches, followed by the older streets, 
8hai»e the present outline of the city. 

At present the large springs at the head of the river furnish water 
lor the city of 48,000 inhabitants without producing any very appreci- 
al>lo decrease in the outflow in the river, the waters of which are still 
used to ini^oite thousands of acres of gardens and farms, and is sufli- 
vient to irrigate many thousands more, although unfortunately most of 
the water Hows to the sea unused. 

The springs at Del Rio are, perhaps, the next largest in size. They 

break out upon the edge of the Edwards plateau, or southern continu- 

_HUon of the Lhino Estacado, 2 miles east of Del Rio, and about 5 

liles iiom the Itio G rande. The pool is almost as extensive and beauti- 

ll ivs that at the head -of the San Antonio River, From the deep • 

ftjiteil lock atits bottom the water can be seen welling up in a great 

)lunni, and it has the same peculiar greenish blue of the other streams 

' tbisdass. No live oaksor other trees surround it, and it standsalone, 

jireat fountain in H>-> desert. From examination of the rocks from 

rliich this spring bu». ..s, the Fort Worth limestonf^, it is seen that they 
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have the same perpendicular joints and faults found at San Antcmt^ 
and Austin. 

The outtlow from the pool, a bold rushing stream, runs of!:' sonie!^ 
miles distant to the Kip Grande, which it excels in volume. This 8|Hiiz 
stream, in addition to running a mill and supplying the village wits 
water, is partially utilized to supply 15 miles of irrigation ditch aad 
irrigate 5,<)00 acres. T!ie water taken out for the ditches makes a? 
porce|>tibIe diminution in the volume of the creek. 

The springs of the Oomal at New Braunfels are also of this gigantk 
character and flow off an immense volume of water, which could U 
utilized for irrigation. 

At the village of San Marcos, however, is a large, beautiful, and m^ 
situated spring. It breaks out at the foot of the bluffs of the greai 
fauH line and is the source of a l>eautifiil river flowing at least 20,96i* 
gallons per minute. This has long been a famous resort in Texas or. 
account of its beautiful scenery and water. The springs form a lakt 
nearly half a mile long, which overflows into a l)0autiful stream knovs 
as the San Marcos River. At the lower end of the lake a mill and iee 
factory are run from the water power of this spring, and while do irri- 
gation is conducted there is no reason wh^ this volume of water shouid 
not be utilized to irrigate the fertile Black Prairie plain, through whidi 
it flows. 

In the vicinity of Austin are other grou.[)8 of artesian springs of r^ 
markable beauty and scientiflc interest, breaking, along the line of the 
great fault in which the Ck)lorado flows, from the foot of Mount BonneL 
in the western suburbs of the city, to where it emerges from its canoa 
of the Grand Prairie region into the broad bottomo of the Black 
Prairie. 

Along this line from the foot of Mount Bonnel to near the moat^ d 
Barton Creek there is a series of springs* pouring up through the great 
rock joints. Beginning at the north, the chief of these springs is 6 
miles north of Austin ; Mount Bonnel and Taylor springs are east of tb« 
foot of Mount Bonnel; Bee Springs east of the river; Barton Springs 
and six unnamed springs west of the river. Of these Taylor and Bar- 
ton springs are the best known. The latter group occur in each side of 
Barton Creek, near its junction with the river and flow superb volumes 
of water. A mill is run by the water power from Barton Springs, hot 
it would be impossible to conduct irrigation with the waters owing to 
their low ])ositiou relative to the Colorado. The water power which i$ 
now mostly wasted should be utilized. These springs are beantifbllv 
situated and are the favorite resoi t of the people of Austin ; they aii 
surrounded by pleasing groves of pecan timber and picturesque rocks. 
Their aggregate volume must reach many thousands of gallons per 
minute. 

Almost due north of Barton Springs, along the same great fissare, 
an<l at the low- water level of the Colorado there is another outburst of 
artes an springs, but owing to the fact that they are at the base of » 
gre4.t bluti' and accessible only by boat few people have seen them. This 
group of springs flows a great volume, but, inasmuch as they break ont 
in the river's edge, it is impossible to gauge them. The aggregate vol- 
ume of these springs near Austin is so great that the volume of the 
the river is materially increased by their accession. Equally valua- 
ble but of less volume are the springs around Georgetown, Salado, 



• Tlu'sc s| riugs unfortunately are all near water l^vel gf the river, but they are of 
great value, 
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Bolton and they are all orsimilinorij^in nud nnture. Tlie Colorado 
Br uimI I^artiHi Creek cros8 this fault lino near Austin ; hence the 
irreiice of the sprinj^s on both sides of the river, 
roin the similarity of c(»lor, temperature, and ocuairreuce of tins 
at chain of springs, extending half way across the State, there can 
lo doubt that they are all of siniilar initure and origin, and that they 
underground waters forced up by great hydrostatic i>re.ssure through 
Assures of the Balcoues fault system along the parting of the Black 
I Grand prairies. 

k. conii»arisou of their waters and temperature with those of the ar te- 
ll welliT, together with tlie similarity of the geological structure, 
ves no <loubt that they have the same origin, the great pervious beds 
the Trinity division of the Comanche series which are the foundation 
the Grand Prairie, and imbibe the waters at an outcrop at a higher 
itude along its western edge. 

The Volume of water tiowing from these springs aggregates many 
lUons of gallons per minute, and since they have never shown any 
inlnution or increase of quantity in seasons of drought or rainfall, 
ese facts are valuable evidence of the vastexteut and inexhaustibility 
the source of underground water which supplies them and the deeper 
t?tllsof the Fort Worth-Waco system. 

The artesian waters of the Black and Orand prairies. — We have now 
'rived at the discussion of tlie greatest artesian belt of Texas, the sys- 
tm of wells found beneath the Grand and Black prairies. 
In no iK)rtion of the country has there been a grander development 
f arti'sian wells than in*the jiast five years in the Grand and Black 
rairie regions of Texas. At numerous places throughout its extent 
lagniticeut tiows of water have been secured and what ten years ago 
ras in many places a poorly weltered district now abounds in magniti- 
ent artesian wells, which supi>ly water to cities and farms in quantity 
arge enough to make many new industries possible, besides furnishing 
^aterto irrigate many thousands of acres. 

It has been the writer's fortune to observe and encourage this arte- 
Mun inovenieut from its conception, and in the following pages he pro- 
posei> to present the underlying principles of the artesian supi)ly, and 
to poiut out, as a result of years of study, the areas of possibility and 
failure and the probable flow obtained, so clearly that wells may be 
locnteil with certainty. 

f he artesian waters of this system are so voluminous, and the area 
over which they can be ])roduced is so extensive that it justly deserves 
the (liHtiuctioii of being called one of the greatest artesian areas in 
Americu— if not in the world — extending as it does, from near Red 
KivtT, Deuton County, to the Rio Grande at Del Rio, a distance of 448 
L uiiltvs in length, and averaging 40 miles in width, 

' Thisareauver most of which flowing wells can be obtained, is about 
1 »«izeuf Minnesota, Nebraska, or North or South Dakota, and equal 
the combined area of many of the smaller States, and 22,000 square 
I miles larmier than the average State or Territory of the Union, omitting 
" Texas. The area in Texas in which the wells of the Fort Worth sys- 
tem are obtain able, is also greater than the area of any State iti the 
Uniou, except Arizona, Montana, Nevada, New Mexico, vSTyoming, and 
Kaimas. 

-Trr deal with such a vast area would be diflacnlt were it not for the 
jreat uniformity ami similarity of the structure of its geologic features. 
tTbe wells vary in depth from 50 to nearly 2,000 feet with every in^ 
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tervemng deptb. Tbey also vary iu volame or flow from less than i 
gallon a minute to a tbouHand^ aud in pressure from notbing to maii 
nuini. Altbougb distributed over a wide country, tbere are many plaef» 
wbere tbese wells jcan not be obtained, wbi«h it is necessary to poiK 
out, and many where it can be obtained which are now not kuowD. 

The history of this wonderful artesian development is almost too I^ 
ct»nt to be written, and its development is solely due to the siK>iitaiM*^ 
OU8 entierprise of the citizens who have in every instance except ooe 
made the experiment at their own expense. This exceptional instanor 
of State experimentation at Austin on thecapitol grounds was not coo 
ducted to the fullest extent. Tf n years ago a citizen of Fort Worth sunk 
a shallow artesian well for the purpose of obtaining water for stoct 
This was secured at a depth of 300 feet. Almost immediately nearly 
a hundred wells were sunk to the same*water level. As is inevitablv 
the rule, the wells stopped at the first water struck, aud not until iki 
])a8t year has Fort Worth discovered that her drills had not yet pene- 
trated the lowest and greatest water-bearing strata. 

The purity of this artesian supply for domestic puq^oses and its 
healthfulness gave Fort Worth an enviable superiority which her rival 
cities were not slow to imitate, and as a result of her success nearly 
every city and village in the Grand and Black prairie region and iu fad 
throughout the State, made artesian experiments. A few of these weit 
put down in unfavorable locations and were failures, but hundreds mor? 
were successful and to day most of the cities of the State which l>efort 
this artesian epoch were without good water are supplied with an abao 
dance. 

Wells have been successfully obtained at Fort Worth, Waco, Dallas, 
Denton, Taylor, Austin, San Antonio, McGregor, Gatesville, BeltoD, 
Morgan, Glen liose, Paluxy, Whitney, and other places which will be 
enumerated later. Their number and the wide area over which they 
are found is indicative of a general source and occurrence by which their 
distribution, value, and possibility can be ])redicated with considerable 
certainty. To point out these is the chief object of this paper. 

While this development of artesian water in cities was progressing, 
independent discoveries were being made by the farmers and stock 
raisers along the western margin of the area., where in certain valleys, 
like those of the Bosque and Paluxy, shallow wells were struck, and 
now there are hundreils of these, many of which are used for irri^atioa 
aud for watering stock. ^ 

Counting the aggregate water of the greatartesian wells and artesian 
spring rivers, there is flowing from the underlying rock sheets of this 
region at least 300,000 gallons of purest water per minute, 1,800,000 pi r 
hour, or 41,200,000 gallons per day, a volume as large as many notable 
rivers. 

When it is considered that the first water was experimentally reached 
only twelve years ago, and the greater underlying sheets only four years 
ago, the future possibilities are beyond estimate. 

Availability of (he water sheets of the Black and Orandprairiea.^^ln order 
to I'ully understand the laws of these wells it is necessary first to thor- 
oughly study the simple stratigraphic arrangement of the rock sheeti^ 
of the region, which can be best understood by reference to the cross- 
section profiles and maps accompanying this paper. Typical cross sec- 
tions and profiles of the Black and Grand prairie regions are given 
extending from the interior coastward. From an examination of these 
it will be seen that the general structure consists of the sheets described 
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revions pages, inclining coastward at a small angle only slightly 
ter tliau the topograpbic slope, which, as asserted in the inlroduc- 
chapters of this paper, constitute the ideal conditions for transmis- 
of artesian water. These rock sheets have diflerent capacity for 
bitiou and transmission of. water. The more porous ones are water 
'ing ; their capacity is not only proportionate to its facilities for im- 
tion and transmission, but its area of outcrop. 



Water- bearing Btrata. 



I 

Bands. 



iTarro or Glauconitic sands. 



iwer Cross Timber or Deniaon 



be Palux^r sands 

mtious ot the Glen Rose beds. 
be Trinity sands. 



Thick. 
nesK 



Feet 
300 



100 



100 
70« 



Betainlng or non water- bearing strata. 



7. The Taylor marls. 
The Ansttn chalk. 
The Eagle Ford clays. 

8. The Washita division. Fort Worth limestone. 

Duck Creek chalk, Kianiitia clays. 
4. The Comanche Peak div ibion, (lie Caprtna Um»' 
stone, the Comanche Peak chalk, the Waloat 
claya. 

Portions of the Glen Rose beds. 



The icaterhearing strata. — Of the water-bearing strata above men- 
ined the Glauconitic sands, which occur along the eastern border of 
e Black Prairie, can not be considered in the discussion of the prairie 
gion, tor any wells penetrating to them would be in the regions to the 
istward. Omitting these (the Glauconitic or Navarro sands) from con- 
deration, there are five great water-bearing sheets of the section, sep- 
rated by impervious layers, as follows: 

4. The Lower Cross Timbers, or Denison (in part) and Dakota sands. 
3u The Paluxy sands. 
2. Portions of the Glen Rose beds. 
1. The Trinity sands or Upper Cross Timber sands. 
Each of these sheets outcrop in characteristic area, and incline to 
Le eastward at a slightly greater angle than the average of the topo- 
graphic slope beneath the overlying beds, transmitting the water under 
lydrostatic pressure to lower depths. Each sheet has great difl'erences 
[D thickness, extent, capacity for imbibing waters and for transmission; 
also ill chemical composition which affects the quality of the water. The 
exposed area or outcrop of the water-bearing sheet constitutes the re- 
ceiving area for the stratum which receives the rainfall. The continu- 
ation of the receiving rock sheet beneath the overlying beds constitutes 
the water-bearing sheet. 

i Now it is evident, since they incline eastward beneath the overlying 

I sheets, that these strata get deeper and deeper into the earth to the 

\ eastward and are overlaid by more rock sheets ; so that the Trinity 

\ lands which constitute the surface of the Upper Cross Timber Valley 

I in part, between Millsap (altitude 822) and Weatherford (altitude 1,000), 

I average 1,000 feet above sea level. At Fort ^'orth, 28 miles east of 

Weatherford, they are only 280 feet above sea level ; at Dallas, 58 miles 

east, they are 960 feet below sea level, or 1,566 feet from the surface, and 

so on as we go eastward, estimating that these strata incline at the rate 

of28reetperniile. 

The Paluxy sands which outcrop just west of Weatherford and around 
the base of Conjauche Peak are 1,400 feet above the sea ; at Fort Worth 
S.Ex.41,pt, 3 7 
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200 feet above the sea (or 300 feet below the Trinity Biver level, sai 
590 below Tuckers Hill), at Dallas they are 800 feet below the sea, at 
at Terrell 2,300 feet below sea level, or 3,100 feet below the snrfiiee. 

The Lower Cross Timber sands (which do not ontcrop west of Tm 
Worth) are the surface formations between Arlington and Haody. Tber 
are from 731 to 800 feet below Dallas, and at Terrell 2,475 feet, tlie d^ 
about 45 feet per mile, being slightly greater than that of the Trimtr 
sands. 

Not only do these rock sheets become deeper and deeper to tiie eut 
ward, but they are successively covered by other rock sheets whki 
must be drilled through. While a drill ni>on the western edgeiroaM 
begin in these Terrell sands, which are there the surface fomiati(Htt.a 
the eastern margin of the Black Prairie the drill most penetrate tk 
entire thickness of the two Cretaceous formations to reach tbe lov!^ 
water beds of the Trinity, or between 3,500 and 4,000 feet, asatTerret 
Greenville, Gorsicana, Marlin. and Thomdale. 

A drill at Greenville, Terrei, Kaufman, Gorsicana, Thomdale, Marlii 
or any other point along the eastern margin, would be obliged to pm 
trate all the formations, including the five water beds, to reach tk 
Trinity sands. A similar drill-hole well in the main Black Praine,» 
.at Mesquite, Waxahachie, Hubbard; Temple, Taylor, or Manor, wooii 
not penetrate as many rock sheets by the thickness of the Pooderai 
marls and Glauconitic beds to the east. A drill in the AustinDaHat 
chalk would penetrate fewer strata by the thickness of the Ponderoa 
marls, and one in the Eagle Ford shales still less. Drill holes sonkk 
the Black Prairie, Lower Grosis Timber sands, Or the Grand Prairie^ gi 
through respectively less thicknesses to the westward until finallyi 
well in the western margin of the Upper Cross Timbers gets the bso 
water at the surface in o^inary surface wells without artesian flow, i 
well drilled west of the Tnnity sands can not possibly obtain wsta 
from any of the sheets of the coastward incline, for they do notooeff 
west of that line. 

By a study of the maps and profiles it will also be evident tliattlu 
entire set of water-bearing sheets underlie all of the country east of tin 
Lower Gross Timbers north of the Brazos, although some of them m] 
be practically unavailable through great depth or high altitude of ^ 
drilling station. Between the Lower Gross Timbers, and the Palox] 
sands, i. d., the eastern ^argin of the Upper Cross Timbers, all ^ 
water-bearing sheets will be available; except that of the Dakota o 
Lower Gross Timber sands, for the latter does not extend over tb 
region west of the Missouri, Kansas and Texas Bailway, except i 
northern Johnson County, but has been worn away by erosion. 

In the portion of the Grand Prairie west of the Paluxy sands < 
south of where they disappear by thinning out, a drill will starts 
logically below the three upper water beds and penetrate only twowl 
of water strata — the Trinity and alternating beds, as in the wells at Gto 
Bose, Iredell, and Pidcocks Eanche. Finally, in the eastern xuargii 
of the Trinity sands the well will only penetrate the Trinity sands as^ 
Bluff Dale and Paluxy. In all of these cases the general rule is mais- 
tained, that the depth of any rock sheet in the series decreases to tk 
westward until it ceases by outcrop. » 

Geologically speaking, it might be said that nature has donemacbts 
help the driller, for wherever a rock sheet is cut through by a stream tf 
entirely removed by erosion the artesian engineer has that muchlessO 
drill through. 

By this process of erosion it will be seen that the weU at Terrell^*'' 
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igli 2,200* feet deep, has not yet penetrated to the rock at Dallas, 
ch occurs at the surface, owinp: to the removal by erosion at Dallas 
.be strata through whicli the well at Terrell has been drilled. 
'he citizens of Dallas are 2,200 feet nearer the Trinity water sheet, 
. their wells, averaging 800 feet deep, do not reach the Fort Worth 
estone, upon which the latter city has erected its drill derricks, and 
» still 1,500 to 2,000 feet above the great Waco supply, Nature has 
aoved lor Fort Worth not only the total thickness penetrated by the 
rrell weU (2,200 feet) plus that of the Dallas well (760 feet), but also 
3 Lower Cross Timber sands (plus 200 feet) from which Dallas re- 
ives her water supply, and brought Fort Worth 3,000 feet deeper or 
arer than Terrell to the main Trinity supply. 

Finally the Fort Worth drills until the past year have not penetrated 
slow the Paluxy sands, and hence not to the strata upon which Glen 
ase is situated, so that nature has removed by erosion for the people 
the latter place the whole thickness of rocks represented by the 
ort Worth well placed on top the Glen Bose, plus that of the Dallas 
ells on the Fort Worth, plus the Terrell wells on top the Dallas, or 
early 3,500 feet of strata. 

It is evident to those who have followed the statement of the strati- 
raphic and topographic conditions of the regions that the numerous 
rtesian wells flow from the four great rock sheets, those of the Lower 
Iross Timber sands, the Paluxy sands, the various sandy and oolitic beds 
f Glen Rose, and the Trinity of Upper Cross Timber sands. The Glen 
iose and Trinity beds occur in sueh close proximity and merge into each 
>ther so closely, that they will be discussed <a8 one water-bearing group 
leveraging 700 feet in thickness, from which Waco secures her " Jumbo " 
low. 

Each of these waterbearing beds has been penetrated by well borings. 
L shall discuss the receiving and available areas of each sheet. 

The DallaS'PoUsboro Group of the Black Frairie region^ or the artesian 
wells of the Lower Gross Timber {Dakota) /fotr.— The flowing artesian 
wells of Pottsboro, Denison, and Dallas, and the nonflowing artesian 
wells of Sherman, Paris, and Midlothian, a north and south belt of 
country extending from Denison, near the Eed River, to near the Bra- 
zos, all have their origin in the sandy strata of the Lower Cross Tim- 



• Section of drill hole at Terrell, Tex., with coutinaatiou of rock aheet to be 
trated: ^ ., 

rsoii \ 15 

Glaacouite bodu. J Joiutclay.. .1 31 

\ Rock 10 

ISand 20 



pene- 



Pondorosa marls. 



rShalesand clay 185 

I Sort rock 10 

I Blue shale 340 

{ Kock 8 

I Blue shale 434 

Kock S 

I Blue shale 600 



76 



i Solid rock 

AuBtia chalk I Lignite 

( Lime rock 

End of drill hole 

Eagle Ford shale 

Lower Cross Timber sand or first water at about , 



1,607 

195 

12 

195 

2,200 
525 
100 

2,800 
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bers, which constitute the receiving area of the Dallas-Pottsbon 
flowing wells, as will be shown by the following evidence: 

Within a circamference of 2 miles of Pottsboro fait 769), in Gnj 
son County, situated in the medial beds of the Eagle Ford clays, foe 
wells were bored which struck a flow 250 feet ftom the surface in tk 
Lower Gross Timber sands, which outcrop a few mil^ west and nortii 
west at a higher altitude. These wells are estimated to flow 25,600 pi 
Ions per day and are of magnificent volume and pressure. 

In drilling them no chalky strata were struck, inasmuch as they oo& 
menced geologically below the Dallas chalk, the lowest limestone of tk 
Black Prairie region, and did not reach to the highest limestones of tk 
Oomanche series, but found water in the Lower Cross Timber sands. A: 
Sherman (alt. 747), some 20 miles southeast, situated geologically (Hi 
rock sheets higher (on the base of the Austin -Dallas chalk)«awell wk 
drilled 632 feet through the Eagle Ford clays and into the Lower Gtoh 
Timber sands, from which the water rose to within 100 feet of the m- 
face, but did not flow, probably on account of the slight pressure Aed 
leakage of water from the sheet at its outcrop near Cook's Springs aod 
other points north of the city, ajid possibly because the sands were m 
penetrated deep enough. 

At Dallas (alt. 436 to 500 feet), some 70 miles south of Sherman, a&4 
on the same rock sheet (the Austin-Dallas chalk), but some 300 Us 
lower in altitude, numerous wells have been struck in the top of tbe 
Lower Cross Timber sands, at depths (varying with the altitude of \k 
surface and penetration of the sands) from 672 to 800 feet. All i 
these struck water in the Lower Cross Timber sand beds which outcrof 
from 15 to 25 miles west of the city, furnishing in most instances ai 
abundant supply. There are apparently several veins of water, owiq 
to the fact that the Lower Cross Timber sands have many clay bedi 
alternating with them, the first being at 632 feet and another at 734 
feet. Until about one year ago only the upper waters, with a very weak 
flow, had been struck, but the county and city authorities combioe<l 
sunk a deeper well bu the public square, which produced about 2OO,00§ 
gallons daily. Since that time others have been struck, notably at tbe 
Exall building, the McLeod hotel, the Cockrell building, and at the 
office of the Dallas News. The last was a most characteristic eo 
terprise of that paper, and through the courtesy of Mr. Doremns, itt 
editor, I am enabled to present an illustration, which will convey afi 
idea of the appearance oi the Dallas well. 

A section of the newspaper well illustrates the character of tlie straU 
passed through at Dallas, and by comparison with those at Waoo an^ 
Fort Worth and Austin, it will be seen that the latter go into strftti 
entirely difierent and below those penetrated at Dallas. A similar coi& 
parison with the Terrell drill record, 30 miles east, will show that tin 
latter has not yet reached the water sands, although 2,200 feet havi 
been passed. 

Every foot of the stratification penetrated by the drill can be plainly 
seen outcropping on the surfEice between Dallas and Handy statiooS) 
23 miles west, on the Texas Pacific road. (See profile l.J The sand 
and gravel first penetrated is the old terrace deposit of the Trinity 
Valley, on which Dallas is built. This can be seen resting on the white 
limestone (No. 3) or Austin-Dallas chalk in various parts of the city 
This chalk is exposed in the bluffs of the river at the Texas Psei^ 
bridge, and is the cliff formation of the suburb of Oak Cliffs. In tlte 
bluffs of Mountain Creek, which follows the escarpment valley of ik 
Austin chalk from Oak Cliffs to its head, can be seen the clays (No. ' 
as well as on the surface of the Black Hog- wallow PrairiCi extendiol 
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"Westward to the Lower Cross Timbers; tbe-iatter begin about 18 miles 
"West of Dallas, where the upper layers, from which. Dallas secures her 
water, are exposed, thus giving the strata an'incHination of about 45 
feet to the mile towards Dallas, as can be raeasured^-^H ihe bluffs of 
chalk south of Eagle Ford, Notwithstanding the won'd^'cfiil simplicity 
of the stratification there are many people in Dallas wh^r attribute 
all kinds of remote origins to these waters^ as the Kocky Mbui^Caias, 
1,000 miles west: while one leading citizen has traced them acro'&s tUo'r 
great Oua<5hita Mountains, in Arkansas, to the Ozark Mountains', m* . 
Missouri, He says f " My idea is that the sourdfe of the artesian supply " 
here is in the Ozark Mountains, in southern Missouri and northern 
Arkansas, It is not in the northwest, for if it were Fort Worth would 
have an immense supply of artesian water, whereas it is limited to the 
first light flow that we have struck," etc. This opinion had hardly been 
delivered when Fort Worth exploded his Ozark hypothesis by penetra- 
ting the basal Trinity flow and obtaining unlimited water. 

The fact that flowing wells are obtained at Arlington (altitude 613), 
in the e^istern edge of the Cross Timbers, from these sands at depths 
from 30 to 150 feet is corroborative proof of the fact that they supply 
Dallas, and from the fact that they have sufficient pressure to flow at 
this altitude of 613 feet it may safely be assumed that artesian water 
from the same Lower Cross Timber sands can be struck (unless there is 
some unknown disturbance in the strata east of Dallas) at all points 
in Dallas County, whose altitudes are less than 613 feet and at a depth 
to be estimated by multiplying the distance in miles to the east margin 
of the Upper Cross Timbers by 50, the approximate inclination in feet* 
of the strata per mile,* and subtracting from the total the ditt'erence in 
altitude. Thus at Mesquite (altitude 509), 30 miles east of Arling- 
ton, the eastern margin of the Cross Timbers or receiving area, the 
depth of the water may be approximately estimated as follows: 
(3Ox50)-(618-509)=l,500-109=l,49l5 and at Terrel (altitude 514), 
50 miles east of the Lower Cross Timbers, the Lower Cross Timber 
sands would be approximately: (50x50)-(618— 514)=2,500— 104= 
2,396; at Grand Prairie (altitude 500 feet), 7 miles east of Arlington, 
the water would be: (7x50)-(618-500)=350-118=232 feet. 

At Midlothian, southwest of Dallas, 25 miles in Ellis County, is an- 
other experiment in the Lower Cross Timber sands, but the well was 
not bored deep enough into them, and the water is of poor quality. 
It rises to within 30 feet of the surface. 
Section of well at Midlothian : 

Feet. 

A^nstiu chalk and soil.. 24 

Eagle Ford calcareous clay shales 234 

Light yeUow sandstone , 20 

Total 278 

It is evident by comparing the Dallas section that this Midlothian 
wbU has not yet reached the main stratum of sands, but should pene- 
trate at least 250 feet more of clays. The wells at Sherman, Dallas, 
and Midlothian are about the same distance from the outcrop of the 
Dross Timbers, and all begin in the same stratum, the Austin-Dallas 
3halk. 

Kear the eastern margin of the Lower Cross Timbers is another line 
>f experiments from which we can learn much, to wit, at West Denison 

* This inclination raay be more or less by a few feet, as it is impossible to determine 
t zuore accurately in the clay. 
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and Pottsboro, near the.^orthTef u margin, at Arlington, west of Dalhi 
and at Files Valley ^^i^ HiU County, west of Midlothian. The magnifi- 
cent flow of the -l^tifiBV^ro wells has already been described. At Ar- 
lington theos^ aiN& many wells which overflow. They vary in depCh fra 
15 to 129'.fe^,*'aiid begin and continue in the sands. At Files Vid)^ 
(altiUidcr.4^ feet), in Hill County, just east of the Cross Timbers, J. 
Ji;. L^e has bored 123 feet through the basal Bagle Ford shales aod 
tpppei*' Cross. Timber sands, striking a small flow of S gallons per 
\iifinute. 

This line of wells at Benison, Pottsboro, Arlington, and Files Valley, 
although I should like more evidence, indicates by the outcrop thattibe 
Lower Cross Timber water supply decreases southward because ^ 
receiving beds thin out in that direction. 

In the region between the Brazos and Pottsboro, the capacity of tbe 
Lower Cross Timber sands for water is shown by the &ct that wherever 
dug into they yield water. Numerous surface wells occur throoghoot 
their extent, as well as springs, as Cooks Springs, ne^yr Denieon, whidt 
flow from them. At Denison these sands have been literally mined ((ff 
their water of saturation by the water company which supplies the dtr, 
an interesting method of procuring underground water from the roek 
structure. A large area southwest of the city is underlaid by an exteo- 
sive sheet of tbe porous ferruginous Lower Cross Timber i^ndstone of 
great imbibing and transmitting capacity- A vertical well 25 feet m 
diameter was sunk from which a lateral tunnel was run into the sand- 
stone, parallel to its bedding. The percolation soon filled this tannd 
*and well, constituting a. complete reservoir, from which the water » 
pumped through the city. 

This is an ideal method of utilizing the water of saturation, ina^ 
much as it exposes to free percolation by the walls of the tnnnd & 
vastly larger surface of saturated strata than could be secured by » 
vertical shaft or well. This method of obtaining water is worthy of 
consideration elsewhere. 

These tunnels at Denison show that the Lower Cross timber suide 
are completely saturated with water below the line of evaporatioo. 
which is about 25 feet in this region, judging from the average d^ttiof 
surface wells. 

The waterworks company at Denison has also recently drilled tbitt 
wells into these sands and secured a fine flow of 20,000 gallons per daj^ 
each at a depth of 200 feet. The area of Orayson County in whicfa 
these wells can be obtained, however, does not extend north of Main 
street in Denison, nor into the eastern part of the tsity, as has beea 
proven by experiment. j 

The total area of the Lower Cross Timber sands in Texas, from Bel 
Biver to Waco, as carefully mapped out by my directions, is 794 squan] 
miles. The average rainfiEill is 36 inches per annum over this area. Q | 
this amount at least 50 per cent is imbibed and becomes the source of 
artesian water. 

Extent of the DalUu^ or Lower Cross Timber artesian area. — ^Aceord- 
ing to the well known hydrostatic law that water will not rise above its 
level, it is evident that artesian wells can not be expected from tke 
Lower Cross Timber sands except at points to the eastward of their 
western margin and at a lower altitude. 

The altitudes of the Lower Cross Timber sands, between the north- 
west corner of Orayson County and the Brazos Biv^, are as follows: 
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East edgov 



SoQtb Benison 
LewUviU© .... 

Arlington 

AWanwlo 

Vaugbin 



Feet. 



West edge. 



713 Dexter... 
48& j Denton ... 
616 lUtauuke.. 

700 I Handy 

550 j Cleburne . 
I* Whitney . 



Feet. 



850 

711 
656 
750 
800 
660 



Comparison of these altitudes, shows the average of the eastern ed^e 
to be 600 feet and of the western edge 736 feet. Since the white rock 
* clifis, of the Austin-Dallas chalk to the east average 750 feet, except 
where cut into by drainage as at Dallas, it is evident that the area 
where a flow well is possible will be (1) the country of the Eagle Ford 
clay prairies in Grayson, Collin, Denton, Dallas, Tarrant, Hill, and 
Johnson counties, which lie between the escarpment of the White Rock 
and the Cross Timbers. (2) The eastern edge of the Cross Timbers 
themselves. (3) The valley of the Trinity Eiver, an area of at least 
1,000 square miles. From the geographic distribution of the formations 
the depth of the wells in these areas can not exceed 900 feet on the east 
and 35 feet in the west. A fourth possible area is the eastern belt of 
the Black Prairie as at Greenville, Terrel, Kaufman, and Corsicana, 
where these sands may be struck at a depth greater than 2,200 feet, and 
good negative or nonflowing wells obtained. 

Owing to the absence of the sands south of the Brazos division, they 
furnish no water in that region, and hence the wells at Waco and Aus- 
tin although beginning in the Austin-Dallas chalk, as at Dallas aud . 
Sherman, do not get any water until the Paluxy and Trinity sands are 
reached. 

In the Dallas chalk or White Rock region it is highly improbable that 
flowing wells from the Lower Cross Timber source can be struck except 
in the drainage valleys, like that of the Trinity, and it is hardly proba- 
ble that the water of the Dallas wells will ever be exhausted by artificial 
means, provided too many wells are not drilled in close proximity, in 
which case the water would be drawn faster than it could percolate 
through the strata. 

Negative or nonflowing wells in which the water rises near the sur- 
face, like the well at Sherman, can be obtained from these sands over 
most of the Black Prairie, their depth increasing to the eastward. 

The value of these nonflowing wells should not be underestimated, 
for by simple mechanical means, as windmills and engines, no more ex- 
pensive than the present cost of water, a supply of good, pure, non- 
malarial water can be obtained for the villages and farms throughout 
the Black Prairie region, as well as suflicient in many places for garden 
irrigation. 

The value of the Lower Cross Timber waters for irrigating purposes is 
a subject which promises great future results, especially in the extent of 
the Cross Timber proper, where the sandy soils, although at present 
devoted to unprofitable cotton-planting, are admirably suited for fruit- 
growing and will ultimately be entirely devoted to a more refined branch 
of agriculture. 

The supply of underground water, although it will have to be raised 

by mechanical means, will be necessary to make this industry possible. 

In the following chapters it will be seen that the other great sheets 

of artesian water are still below the Lower Cross Timber sands of the 

Dallas-Pottsboro area and will -also supply water to this region. 





A 



104 



IREIGATION. 



THE WELLS OF THE PORT WORTH-WACO BELT OR TRIHITT 

SYSTEM. 

It mast be eiident that the wells west of the Lower Gross Timbe 
sands south of where they disappear, as at Fort Worth and at Waco, 
can not possibly receive their waters fh>m the same source as those of 
the DallasPottsboro area, bat must receive them from the higher re- 
gion toward the west. 

There are nearly 1,000 wells supplied item these sands in the belt of 
' country between the main line of the Missouri, Kansas and Texas Bail- 
way, from Whitesboro to Taylor and Austin, and the Upper Gross Tin^ 
bers, and the region is capable of supplying many thousand more witlt 
out materially or perceptibly diminishing tiie supply, except in mm 
instances which I shall point out 

It is not everywhere that these wells can be obtained, however, as I 
shall point out in the following pages; laws of depth, occurrence, and 
distribution will be given which, if observed, will be of inestimabk 
value to the people of this region. 

The shallow flows of the Fort Worth system or wells of the Paln^ Sai^ 
supply.-^The first successful wells in the Grand Prairie region were 
drilled at Fort Worth, in the river valley (altitude 490), and struck mod 
erate flows of water at 263 feet in the western edge of the city and 484 
feet below the highlands (altitude 662). • 

Over a hundred of these shallow wells were bored, and, as the stratim 
from which they were obtained, the Paluxy sands, was the thinnest of 
all the water-beiftring sheets and had the smallest receiving area, tbeee 
wells soon ceased to flow and it became necessary to pump them. 

Before passing to the deeper supply beneath Fort Worth, it is impor- 
tant to add a few words concerning this first or shallower water de- 
rived from the Paluxy sands. Wells were drilled into this not onlj at 
Fort Worth, but as far north as Denton (altitude 628 feet) and as far 
east as Hearsts Fishing Lake, 10 miles southeast, developing ao area 
of 30 miles square in which that water can be struck. The snrfaoe 
stratum in all these cases was the Fort Worth limestone of the Washiu 
division, which is at least geologically lower by 1,000 feet than the Aq8- 
tin-Dallas chalk at Dallas and 600 feet lower than the same rock at 
Waco, and hence drills have that much less thickness in penetrating to 
it. The Eagle Ford clays here decrease in thickness southward and 
the Lower Gross Timber sands thin out at Waco, hence the difFereoce 
between the chalk and Fort Worth beds there. 

By the following section of a well at Kellers, northeast of Fort Wortt 
(here given because it is the most complete record accessible), the exact 
strata penetrated will be seen : 

rant 

Fort Worth Beds Yellow clay 30 

Blue marl (soapstone) 'i 

White limestone 49 

Blue marl 24 

White limestone ^ 

Caprina limestone White limestone 95 

Comanche Peak beds. Blue soapstone ^ 

^ White limestone 53 

Bine soapstone 5 

White limestone. 31 

Bine soapstone ^ 

White limestone 5 

Bine soapstone 7 

Oyster-shell rock (Gryphaea) 13 

Paluxy sand Brown sand rock 13 

White sand rook .• M 
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It will be seeu that the water is struck in the sands below the great 
Gryphaea (oyster) bed at the base of the Comanche Peak group, which 
^M*e the Paluxy sands of the above sectiou and are the same sauds which 
can be seen outcropping between Cresson and the Brazos, at Weather- 
ford, and elsewhere west of the city. By reference to the measured sec- 
tion of Comanche Peak, Hood County, it will also be seen that this is 
the first and thinnoet sheet of water-bearing sands of the Trinity group. 
The following sections will illustrate four other wells of Port Worth : 



• 


No.1. 


No.Z 


No. 8. 


No. 4. 


AJtltnde of siirfacd .. .. ....... ... . ... .. •• , ......... 


Feet. 
629 


Feet. 

5 


FeeL 

490 


Feet 
662 






Kock Hbeet at nnrface 










LimestAne and marly claya of Fort Worth, the WwhiU diTition .... 
Dock Creek and Kiamitia 


115 

88 
95 
150 
13 
27 














Chalky liiueatuDe and Capriim UmeBtoue 


370 


155 




Marlii of thft Cniirfinch A (fropp, (^^"tn Aiiohe Peftk r t , 




Oyat^r shell rock (Gryjihaja breccia) 


22 

55 


25 
fi2 




Paloxy sands, hearing beat water 


425 






Totaldepth of first flow 


488 


447 


242 


425 







Well No. 1 was bored deeper, striking waterat 805, 1,030,1,085 andl,300 
feet. At the latter depth it entered the iaipervious clays of the carbon- 
iferous system, with occasional sand, and is now nearly 4,000 feet in 
depth. 

The first water was obtained in the Paluxy or highest sands of the 
great water-bearing series, the extent and distribution of which can be 
seen on the map. This is the sand into which the citizens of Weather- 
ford dug for their surface water, and can be seen on the blufls of the 
creeks around that city, and as far east as Aledo Station. 

In the Waco wells a Mow is usually found at 1,100 feet, which may 
also come from the Paluxy sands, but, owing to absence of sufficient 
data, this can not be verified, although the areal outcrop of Paluxy 
sands is quite large in Hood County, also in Bosque and Hamilton, 
where it can be recognized as the upland post-oak sandy region j it» 
thickness decreases southward, and it is doubtful if it is valuable for 
water-bearing purposes there. Owing to its excessive mineral char- 
acter and its relative depth, I am inclined to think the first flow at Waco 
is from the upper maguesian layers of the Glen Eose or alternating 
beds. 

Wells have also been obtained from the Paluxy sands as follows : 



Place. 



Denton 

Haratfl Lake 

Fackery, 3 mileii north of Fort Worth 

Sbooofnerd. 3 railea west of Fort Worth 1 

Baur survey, 9 miles southwea ; Van Ostrand survey, 5 

miles northwest. 

Wauson survey, 5 miles southeast 

Richtley'H, 10 miles west of north 

G. B. Stanley's survey. 4 miles uortheast; KeUer's, north 

east. 



AUitade. 



Feet 

028 

. 450 

500 



Surface beds. 



Den i son beds... 

do 

Basal Washita.. 

do 

, do 



Denison 

Basal Washita 
...do 



Depth. 



Feet 



eoo 

500 



There is but little doubt that this water can be obtained over all the 
Grand Prairie in Tarrant County wherever the altitude is less than 900 
feet^ this includes all of the creek and river bottoms in the county, 
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and all the upland prairie and Lower Gross Timbers in ttie eastern 
half of the county. The depth will not exceed 600 feet at the easten 
edge of the area and decreases 28 feet in depth per mile to the west- 
wwl. 

GHiese sands also underlie the Dallas Pottsboro area at a depth of 
about 600 feet bdow the bottom of the Lower Gross Timbers water, 
which thickness equiris that of the Washita and Comanche Peak im- 
pervious beda 

Value of the Paluxy water for irrigation.— Th\& water can be used for 
irrigating hundreds of small farms and gardens in the eastern edge of 
the Grand Prairie region, but improper application has created a strong 
prejudice against it. The mode of using has been to sprinkle the 
growing plants with water instead of soaking the soils. The chemical 
ingredients of the water are said to be injurious to the leaves, but Prol 
J. P. Stelle, agricultural editor of the Fort Worth Gazette, has shown 
it is harmless and fertilizing if applied to the roots. 

The value of these wells to the stock-raising industry, howevw, is 
incalculable, and their discovery and use to the region in which th^ 
occur has been many millions of dollars in value. 

It would be improvident to stop a well in the Paluxy Sands, how- 
ever, for, as will be shown in the succeeding pages, they are but the 
beginning of a much more abundant aad valuable supply that every- 
where underlies them. 

THE DEEPER PLOWS OP THE PORT WORTH-WACO SYSTEM. 

When it was known that Fort Worth's drills had only tapped the 
first sheet of the great series of water strata extending 700 feet deeper 
the rumor was spread and is still believed by many that Fort Worth's 
artesian supply is limited and decreasing. When Waco had demon- 
strated the existence of deeper beds and voluminous wells in the sys- 
teni, Fort Worth, with the wonderful enterprise characteristic of that 
city, began an experimental well on the highest hill in the city, which 
not onlv fully demonstrated the existence of at least far greater water 
strata^'but went completely through the water-bearing series and pen- 
etrated over 2,300 feet of impervious clays underlying it 

In February, 1890, the city council contracted for the sinking of an 
^perimental well, determining to folly test the possibilities of the ar- 
tesian wat^ supply for the city waterworks use. The experimental 
well was located at about the highest point in the city, the top of 
Tuckers Hill, 52 feet above t^e Main-street crossing of the Texas Pa- 
cific tracks and 42 feet above the court-house square. 

In boring this well a fine stream of artesian water, which flows 170 
gallons per minute with a pressure of 15 pounds per square inch, was 
struck at 900 feet. This was cased off and the boring continued to a 
depth of 1,035 feet, when a stream of 200 gallons per minute was ste^ack, 
which flowed with a pressure of 21 pounds per square inch. This 
stream was in turn cased off, and the work proceeded until at 1,127 feet 
still another fine artesian vein was pierced. This flowed to the surfiice 
245 gallons per minute with a pressure of 29 pounds to the square inch. 

All of these flows could have been put together, when they would , 
have discharged fully 500 gallons per minute, or 720,000 per day, and 
at a point 142 feet above the Trinity River. This last flow not having 
the pressure sufficient to carry it to a standpipe 100 feet high, was 
cased off, and the boring continued in search of a still stronger flow. 
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^his experimental well has now been drilled to nearly 2,800 feet in 
>th, aud it is proposed to continue it to a limit of about 3,CK)0 feet, we 
ieve, if more water is not readied short of that depth, Now, as a 
alt of tbis experimental work, three heavy veins of artesian water 
c^e been located as underlying the city, the least of which will raise 
ter to a beight of 40 feet above the highest point in the city, aud the 
ipest of which will raise water to a height of 61 feet above the highest 
lot in the city. This remarkable discovery has been further demou- 
ated. 

First, the Texas Brewery, whose location is 50 feet lower than Tuckers 
U, sank their well to the first or top artesian vein and obtained a flow 
upwards of 240 gallons per minute, with a pressure which carries the 
iter to the top of their immense building 90 feet above the ground, 
icou raged by this success, the packing- house company began a well 
their bouse on the north side at a point 120 feet lower than the top of 
ickers Hill, and it has now been drilled through the first and second 
tesian veins, and it is flowing at a rate of over 800,000 gallons in 
^enty-four hours. They will continue the well to and through the 
wer artesian vein, when the flow will (if the Tucker Hill discoveries 
►Id good for the north part of the city) be fully 1,500,000 gallons in 
^enty-four hours. The packinghouse well is undoubtedly now flowing 
Dre water in twenty -four hours than any other artesian well in the 
ate of Texas by at least one-third, and when the third artesian vein 
reached it will be the " Jumbo," the geyser well of the State. The 
ty experiment has demonstrated that Fort Worth has the artesian 
ater in quantities sufticient to supply a city of 1,000,000 people should 
tcasiou ever require it. Ten wells located down in the valley, above 
gb-water mark, will supply over 10,000,000 gallons of pure artesian 
ater each twenty- four hours, and the water is pure; there is no min- 
al of any kind in solution in it; it is as clear as a diamond, as pure 
; melted snow. Surely if there is an artesian city in Texas, it is Fort 
''orth. 

While to Fort Worth's enterprise the credit is due for first discover- 
g the underground water supply of the Grand Prairie region, it was 
le citizens of Waco who developed its greatest capacity, by first bor- 
g deep below the Paluxy sands into the great water-bearing sheets of 
le Trinity sands. 

Two years ago (1889) a water company of Waco * struck the first 
iccessful well on the higher ground in the south of the city, striking 
sveral flows of water, the volume of which was so great (estimated at 
om 500,000 to 1,000,000 gallons per day) that it created great rejoic- 
\g and has been the cause of untold value in the development and im- 
rovement of the industrial and hygienic conditions of that city. 
The discovery of this flow immediately led to the drilling of other 
ells, and as a result the city and vicinity possesses numerous superb 
ells, flowing an aggregate of many million gallons per day, and sup- 
lying water not only for all public aud domestic purposes, but power 
>r various industries, such as clothing factories, wood-working ma- 
hinery, and irrigation. 

The wells vary in altitude from 400 feet (Kellum's, north of the city) 
[> 550 feet (Prather's, 6 miles southeast), and have an average depth of 
,880 feet, or about 1,160 feet below the sea level. The water is hot, 
aving a temperature of 103°, and is soft and tasteless. 

*Waco, altitude 431-500,19 sitnated ou the banks of the Brazos River (altitude 400), 
nd sooth of the city the couutry rises to the general level of the Black Prairie, 
he surface, except where covered by terrace deposits of the rivers, is the Austia- 
•alias chalk. 
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The success of these wells at Waco gave great impulse to artesaa 
experimentation, and since their discovery flows have been stniek in 
the same beds at Austin, Taylor, Belton, Temple, and Fort Worth, bot 
of varying pressure, volume, and temperature, owing to difEer^ioe in 
altitude and iijitial stratum. . 

The number and characteristics of these wells <»n best be presented 
by the following statement, furnished me by M%j. S. H. Pope, <rf the 
board of trade, and through the kindness of Mayor C. O. HcCnlloch: 

Waco Boabd of Tradx, 

Waeo, Tex,, Jul^ 7, 189L 

Dear Sir : Replying to yoor esteemed tmyot m regards the arteeisn wello in and 
around Waco, will say that there are now eleven overflowing and two approaduBg 
completion. 

Seven of the flowing wells and one nearing completion, now ahont 1,700 feet deep, 
are owned by the BeU Water Company. One of the flowing wells and one neariDg 
completion, now about 1,000 feet deep, are owned by the Waco Light and Pdwat 
Company. The three remaining flowing wells belong one to each, respeetively, to the 
estate of W. R. Kellnm, deceased, William L. Prather, and Tom FtAgptC 

The altitude of the public sqnare of Waco is 421 feet above sea level. The aUitpde, 
diameter, depth, estimated flow, temperatore, and initial pressure per sqnare foot of 
the several wells are as follows : 



Ksme of woU. 


Altitode. 


Diameter. 


Depth. 


Flow per 
dl«i. 


Temper- 
atace. 


iBitiU 

IKNMn. 


The Ifbore Well . 


FteL 
498 
500 
600 
500 
4S6 
58S 
476 

68t 
656 
420 
485 


r 


FmL 
1.840 
1,820 
1,848 
1.800 
1,800 
1.840 
1.846 

1.812 
1.007 
1.770 
1.886 


000.000 
600,000 
1,200.000 
1.000,000 
1.000,000 
1,000.000 
1.000.000 

200,000 

1,000*. 000 
1.000,000 


OF. 
102 
102i 
IW^ 
102 
103 
103 
103 

100 
97 
106 


PMHMit. 


The BeU Wellt 


*m 


Jambo Well Na It 


to 


^ umbo Well, Ko.2t 


19 


The Glenwood.. 


*« 


The Dickey WeU 

The Bagby Well 


•• 


The Wftco Lisht «od WUer Power 
Company WeH 


« 


The Prather Well 


*4» 


The Kellam WeU 


*** 


The Padgett WeU 


.•72 









* Eetimated. t Theoe three, the Bell. Jambo No. 1 and No. 2, are 50 feet eqiiidittant. | Tested. 

The foregoing statements of flow per diem (twenty-four hours) are estimates. An 
attempt was made to measure the flow of Jumbo No. 1, but it was unsnccesafnl. An 
expert, a member of the United States Artesian Survey Corps, who made the attempt 
and failed, eetimated the flow at 1,000 gaUous per minute, if this statement is o(ff- 
rect the output per diem would be 1,440,000 gallons. 

I have asdumed the output of this well to be 1,900,000; with this as a basis the 
output of the other wells has been estimated. The pressure of the Jumbo, Prather, 
and Padgitt wells have been testified; the temperature of all has been asoerlained hj 
the thermometer. 

The first well overflowed in March, 1889, and the last in May, 1891. Keither bai 
afiected the flow of the other, although 6 are located on Bell Hill and 3 on Diekej 
Hill. The distance between the Prather and Kellnm wells is about 4 miles. 

The analysis of the waters of the Bell well, made by the leading chemist of Cbi* 
cage, in grains per United States gallon, is as rollows: Silica, 1.345$; alumina, trace; 
iron sesquioxide, 1.493 ; sodium chloride, 6.0267 ; sodium potassium sulphates, 23.9583; 
calcium sulphate, .0000; sodium carbonate and bicarbonate. 90.6597; magnesian osr- 
bonate, .8432; calcium carbonate, 1.1579. Total solids by calculation, 53.8801. l%ers 
is no appreciable difference in the taste of the waters of any of the wells; thentoe 
we must assume that tiiis one analysis covers all. 

The average depth of the wells within the city limits is 1,843 feet. The avera|{e 
dejfth of all, including the Prather and the Kellnm wells, is 1,814 feet. I indoseft 
written report of the Padgitt well, prepared by Mr. P. J. Fishback. the contractor. 
He is a practical well-borer and something of a geologist. I think tnis report can be 
received as a fair statement for all the wells in the city. I send by mail 5 bottles of 
sand passed through. 

The water is soft, and is used for drinking, cooking, bathing, washing—in a word, 
for all domestic purposes. It is also used tor sprinkling flowers and lawns. It baa 
not been used extensively for irrigatioui but so far has proved very healthful to sU 
vegetation. 
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It is applied to mot on of Arom 2 to 15 hono power. These motors run fans, print- 
tDg p r eese o , all the machiDery of* coflSn factory, with a dailv capacity of 100 coffins; 
also a oloihinff fiustory of 350 sewing machines, cotters, and other necessary machines. 
I regret that I can not famish yon photographs ol the interior factories. Yon have 
phoioe of the gronp of 3 wells. 
I am, yours tmly, 

8. H. PoPB, 

Seoretarjf, 

The rook sheets passed throogh in borinn: these wells, from a seotioii 
kindly fnrnished by Mr. Fishback, who kept an admirable record of 
the Padgitt well, are as follows: 

Record of drilling in Padgitt arteoian well, Waeo, Tox. 

1. Dark soil, changing to light, ealcareons feet.. 18 

2. Soft white limestone, *<Anstin-Dallas chalk" do... 110 

3. Blneshales, ''Joint days" do... WZ 

4. Light-hrown, carbonaceons shales do... 40 

These shales gave a small quantity of petroleam. They slaked rapidly on expos- 

nre to air and wat^r, and soon became fine mnd. Walls of well caved badly in this 
stratum. 

5. Brown calcareous marl • • .....feet.. 15 

6. BlneshalesL "joint clays"..." y^ do... 121, 

7. Brown, caroouaoeous shales, llgnitic in character do... 60 

These shales gave off a small ouantity of petroleum. Walls of well cared badly 
in this stratum, necessitating tne setting of 7f-inch casing Just below, in stratum of 
marl. 

8. Brown calcareous marl feet.. 38 

The7Hnoh casing was set in this marl at do... 536 

9. Blneshales, *< Joint clays " (Washita) do... 411 

10. Brown carbonaceous shales, lignitic in character. . ." do... 45 

These shales gave a trace of petroleum. They caved badly, drilling proceeding 
through and beneath them with much diflSculty. 

11. Cream-colored, calcareous marl feet.. 156 

Immediately under the last carbonaceous shale stratum and in the upper portion 
of this marl stratum, oonsiderable water came in. 

This water was highly charged with impurities of lime, sulphur, iron, and prob- 
ably epsom salts. Water was not analyzed. The 5|-inch casing was extended to 
the bottom of this marl stratum to shut off this impure water, which was doue, the 
hole being dry for the next 75 feet. The 5|«inoh casing was set at 1,176 feet. 

12. White limestones were occasionally interstratified with thin seams of blue 

shale, or light-colored calcareous marl (Washita and Comanche Peak),feet. 554 

From about 1,250 feet to 1,500 feet water came at different hoiixons, making an 
artesian flow of considerable volume ; below 1,500 feet apparently no more water 
came in until the first water and saod were reached, at 1,782 feet. 

13. Blue calcareous, silicious shales feet.. 30 

These shales were of somewhat plastic natures, contained some lime, with also 
condderable proportion of verv fine, light blue sand. This stratum would seem to 
mark the transition from shallower and more a^tateS waters, depositing sand, to 
deeper and more tranquil sea conditions, favorab& to the growth of shellfish and the 
making of limestones. 

14. Soft, very fine-grained, gray sandstone (Trinity) feet.. 15 

This sand was seemingly dry, producing no apparent increase in the volume of 
upper water. 

15. Bed, plastic shale, local bed in Trinity feet.. 7 

16. Soft, very fine-grained, light-gray sandstone 

This sand responded with water as soon as reached, and gave the first strong arte- 
sian flow proper from the well. 

17. Bine shale, local bed in Trinity feet.. 5 

18. Softy very fine-grained, light-colored sandstone 
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This sand largely increased the flow of water. 

19. Blue, plastic shale, local bed in Trinity foei.. 8 

90. Softi very fine-grained, while sandstone do... S 

In this sand the largest volume of water was obtained, dightly inoroasini; the 
pressure and temperature and nearly donbliug the flow from the weU. 

21. Bine, plasic shale feet.. § 

The thickness of this stratum unknown. This shale was drilled into a depili of 
five feet, but the flow and pressure of water was so great that the sand pump woold 
not descend through the lower flow of water, and, couseqnently, the sediment eonld 
not be removed from the bottom of the well below the horizon wh^re the heavy flow 
of water came in, and drilling had to be suspended. 

Further drilling could only be prosecuted by shutting out the flow of water by ex- 
tending a string of casing to the bottom of the well and reducing the sixe of the well 
below that point.^ 

Pressure of well.l m ....•ponttds.. 73 

Temperature ^F.. 103^ 

Volume, per diem (approximately) , gallons.. 1,000,000 

Total depth of well feet.. 1,866 

JStfivkirlPt.— While no opinions on matters of this nature can ever be accepted at ab- 
solutely colrreot until verified ^ by the drill, yet from the grained texture, quality, 
and appearance of the sands, I am decidedly of the opinion that the bottom of the 
sandstone column has not yet been reached in the Waco wells, and thai there isstooDg 
probability that other and coarser sands may be found still deeper. If found, ifaey 
^would give yet an increased vdume of water, with also slight additional piearan 
and temperature. 

Very respectfully, 

P. J. FlBBBAOK, 

Beviewing the foregoing section (the Padgitt well at Waco), the for* 
mations passed through are as follows : 



Altitude. 



Depth. 



Thlok. 
nest. 



Benimrlw. 



185-857 

ae7-7» 

79 above to 631. below sea level 



6M to 1,255 below sea level . 
1,858^ below sea level 



0-128 
664 
962 

1,250 
1.743 

1,838 



188 
436 
888 



Anetin ebalk and reietdaal eefl. 
X, 4, 5^ 6. Ba«le Ford clave, fish beds. 
8, 9, 10, variona beds Waahita divlaUm vatfy 
clays, with limestone. 



778 
96 



First water near top of alternating 1 

11. 12. Caprina, Comancfae Peak, walnnt daijk 



and alternating beds Into Trinity. 
13. 14, 15, 16, 17. 18, 19. 20,21, Trinity 
its oli^ bands, 98 feet. 



via 



Total 

Total thioknees of water- 
bearfaiK groop. 



, 538 



From a study of this section and a comparison with those of Dallaii 
and Fort Worth it is evident that the total thickness is about the sami 
as if the Dallas drill hole (Sob. 1-6 of the Waco) should be placed oi 
top of the Fort Worth (Nos. 7-21), of the Waco section. 

It will also be evident that neither the Lower Cross Timber saods, 
from which Dallas obtained her supply, or the Palnxy sand, which 
should be between Nos. 6 and 7 and Nos. 12 and 18, respectively, 
are sufficiently developed, if at all, to be noticeable, and that Waoo 
draws her main supply from an entirely lower and difiterent source, the 
876 feet of strata below the horizon of the Paluxy sands, and espeoiallj 
the lowest 98 feet of sands. This, the greatest of the flows, is 1^78 feet 
below the bottom of the Dallas wells. 

The following section, measured from the top of Gomanche Peak to 
the Brazos Biver, where that stream has exposed by erosion the lowtf 
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half of the rock of the Waco drill hole, will give a view of these water- 
bearing strata: 

S§eH0m from Brazo9 Jiiver, alHtmSe 755, at ChroHhur^y to top of CowMficke Peak Butte, 
altitude 1,250, $homng detail of lower water-betuing heae of Comancke etHee, 

Feel 
7. Caprina— Hard, chalky limestone, character QDiform throagliont ; fossil shell 
rudistee ooonrring very irregnlarly ; forms oaprock of mouQtain ; imper- 

▼ioQs 33 

6. Comanche Peak beds—Slightly softer chalky limestone; more variable in 

hardness than theCarpina, thns forming distinct benches; impervious.. 66 
5. Grypbiea %nd Walnnt beds— Hard limestone (small fclssil ; gryphtea pitcheri, 

abore it) 3 

Marls, calcareons, with Gryphsea 8 

Local harder layer intervening 1 

Marls with Grypbaea 4* 

Rough broken limestone » i 

Marls, npper part chalky i 15 

Hard crystalline limestone walnnt slabs, with Gryphiea, marly layers . . 4 

Hud yellow limestone 1 

MarlT layer ' 5 

Hara limestone flags, lower portion more fossiliferons and argillaeeons and 

pervions to water 3 

liarly layer 12 

Marly layer , 3i 

L»imesione slabs 1 

B. Limestone slabs, compact and coarser.... , ^ 

Marly layer 4 

Limestone slabs S 

C Marly layer 3 

Compact magnesian limestone slabs 1 

Marly la^er : 4 

Hard white crystalline limestone makes decided bench 3 

Marly layer '. 10 

Gray, slightly argillaceous limestone .; 1 

Marly layer 4 

^Wbite broken limestone, fossiliferoas » 2 

Three soft limestone layers, with intervening marls 6 

White, evenly laminated limestone, with ferruginous segregations 1 

Calcareous marl, changing gradually into harder limesK>ne 8 

Soil argillaceous limestone (pervious) surface 1 

Angular, broken up with blocks, clays more argillaceous and marly at upper 

portion, basal i>ortion more arenaceous and laminated 21 

Kougb, broken argillaceous limestone (Borous) 2 

Grjphsea marls and clays with white calcareous hardeni ng 4 

Marls .• 5 

Massive breccia of GryphflDa 4 

Marls with many Grypaea 15 

GryphtBa 9 

Hard Gryph»a layer 1 

Marls 4 

Local harder layer l* 

Marls 3 

Limestone with GryphsMs 4 

Marls, Gryph»a and Exogyra texana ...1 4 

Local hara layer 1 

Marls with Gryphflsas 14 

4. J^aluxg water $and$. — Forest clad, in portions somewhat calcareous but usuallj^ 

eoDstant throughout 100 

3, AliemaHng or Glen Rose 6m2«.— Slightly fossiliferons above, sandy below .*.... 4 

Hiird magnesian limestone, few fossils, small, ferruginous segregations 4 

Soft marl 10 

Oyster beds i... 4 

Marly beds .• 3 

Hardened limestone layers 3 

Marly beds 10 

Caprotina, caprotina limestone ; caprotina very abundant at base, upper 
portion less fossiliferons, rather variable lithologically 201 

L Sand; with some limestone and sandstone layers and calcareous nodular layen. 
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RisunUof Comanche Peak seetione, 

{Caprotina limestone Zi 
G. Pitoheri beds ^ 56 

3. Palnxy sands 100 

2. Alternating or magiiesi an beds above Glen Rose horizon 175 

3. Glen Rose or alternating beds and Trinity sands here pierced by drills at 
Glen Rose, about • 300 

Total thickness of water-bearing gronp 795 

Thes^ basal sands are the great Trinity sands, the most extensive and 
porous water-bearing sheet in oar country, except perhaps the DakoU 
sandstone in Dakota, while the alternating beds above them are fall of 
small sandy layers, which in other artesian regions than this, wh^:« 
they are so overshadowed, would in themselves be esteemed of great 
importance, and which tend to increase the capacity of the wells bored 
through them. These alternating or Glen Eose beds (chalk, oolites, 
and sands) all possess great imbibing and transmitting powers, so that 
they increase the receiving area of the Trinity sands. This condition 
of the overlying beds is quite different from that of the Lower Gross 
Timber and Paluxy sands, each of which, it will be remembered, is over- 
laid immediately by a dense impervious clay layer. 

The outcrop of catchment area of the water-bearing Trinity divisioa 
(Trinity sands and alternating beds) constitutes the surface formatioQ 
of a vast area in Montague, Wise, Parker, Hood, Erath, Somerville, 
Comanche, Brown, Mills, Lampasas, and Burnet counties north of Um 
Colorado, having an outcrop covering a total area of many square 
miles. The water-bearing sheets of the Trinity group aggregrate from 
538 feet, as at Waco, to'^oO feet at Fort Worth, and underlie the whole 
of the Grand and Black prairies, an area of 78,000 square miles, be- 
coming deeper relative to mean sea level at the rate of about 45 feet 
per mile to the eastward. This vast sheet of porous sand is thorough^ 
charged with water, and constitutes a great underground reservoir 
which holds in constant saturation at least many billion gallons of 
water, under strong hydrostatic pressure. The imbibing capacity of 
the Trinity sands is the maximum, owing to their angularity, coarse- 
ness, and purity, as can be seen by the rapid manner in. which tne sands 
imbibe the water. 

These sands, from which Waco secures her water, are the same pack 
sands which furnish the ordinary well water in the town of Comanche 
(see profile 2). Twenty-two miles east at Dublin they have dipped be- 
neath the surface 400 feet lower than the altitude of Comanche (f^titode 
1,000), and so on at Whitney, McGregor, and other places to Waco 
(altitude 421), where they are 2,400 feet lower than at Comanche, and 
at Marlin, on the east of the Black Prairie, they will be at least 3,000 
feet. 

Many other successful wells of the Waco type have been drilled, be- 
ginning in the Austin chalk horizon, as at Waco^r in the lo^erbQosof 
the overlying Ponderosa marls at Temple and Taylor. The first wdl 
at Austin, drilled by the State in the capitol grounds, was stopped con- 
trary to expert advice at the first weak flow, and is practically valueless. 
Two other wells north of the capitol, one at the State asylum and the 
other a private enterprise, were drilled into the deeper and to the 
greater flow, which, owing to the superior altitude of Austin, however, 
(some 150 feet above Waco) have not so great pressure. 
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Tbeee experimeDtal wells, which form a eontinaoas chain from Fort 
Worth to Anstiu, with the siugle exception of a few miles, leave the 
oondnsion that the flow from the Trinity sands can be procured the 
entire distance, 180 miles, both in highlands and valleys, along the line 
of the Missouri Pacific road, and many miles on each side, at least as 
fiEkr west on the uplands as McGregor and Belton. 

These wells also prove the great distribution and approximate uni- 
formity of the underground sheet of Trinity sands, and the city of 
Dallas, which is situated like Waco and Austin, upon the chalk, instead 
of being content with the present supply, should bore to this greater 
flow. 

THE WESTERN VALLEY WELLS OF THE GRAND PRAIRIE, OR THE 
SHALLOW WELLS OP THE TRINITY PLOW. 

The western edge of the Grand Prairie, as has been explained, is cut 
across by its rivers at various intervals into deep drainage valleys, often 
500 feet deep, which have lefk the remnant of the plateau standing as 
the flat-topped divides and mesas as so often seen in Hood, Erath, 
Comanche, Bosque, Hamilton, Ooryell, and Lampasas counties. These 
uninhabited mesas are usually cap|)ed by the hard, sterile Caprina 
limestone, while the wide valleys between them are occupied by the 
fertile soils of the Walnut clays or rich stream alluvium, upon which is 
seated all the agricultural population of the region. In some of these 
valleys, as that of the Paluzy in Somerville County, the Trinity in Parker, 
and the Cowhouse in Lampasas, is a remarkable series of numerous 
shallow, flowing artesian wells, which have been inexpensively drilled 
by the farmers. This system of shallow wells has been principally 
developed in the valleys of the Paluxy and Squaw creeks, in Somerville 
County, and at Pidcock Banch, 100 miles south, in Lampasas County. 

In the former locality there are nearly 200 flowing wells, varying in 
depth from 30 to 300 feet, all of which begin in the various horizons of 
the Glen Rose, or Alternating Beds below the Paluzy sands and reach 
into the Trinity sands. 

These wells can best be seen at Glen Rose, in the valley of Palnxy 
Biver, near where it flows into the Brazos, and from there into that 
stream some 20 miles to Bluff Dale, in Erath County. Nearly every 
fiEurmer has one or more of these flowing wells, which are used for do- 
mestic purposes, stock-raising, and, in many cases, for irrigation. Tbey 
vary in flow from 10 gallons per minute to 300, the smaller flows usually 
being from small bores and wells which do not reach the main supply. 
Nearly every house in the town of Glen Rose is supplied with one or 
more of these wells. 

The water from the shallower wells is usually charged with mineral 
from the strata of the Glen Rose Beds. It has been the rule that this 
mineral water, which is the same struck in the Upper Beds of the whole 
Trinity division, as at Waco, Georgetown, Pidcock Ranch, can be cased 
off and a better flow obteinM by going to the deeper and purer sands. 

The finest of the wells seen by me was that at Mr. Lanham's farm, 6 
miles west of Glen Rose, which flowed an Sinch stream and about 350 
gallons per minute, with which he abundantly irrigated about 50 acres 
of com, cotton, and cane. I was Informed upon good authority that 
there were many more farms irrigated in the same way. At Paluxy a 
similar well is used for irrigating a field of cotton. The total area of 
the Paluxy Yalley from Bluff Dale to its mouth and of Squaw Creek, 
where this series of wells are obtainable, is over 200 square miles. 
S. Ex. 41, pt. 3 8 
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Over the southern drainage divide, in the valley of the Bosqae Kver, 
a companion stream of the Palaxy, in Erath and Bosqne counties, there 
is another similar area of shallow wells, as at Iredell and westward, 
having the characteristics of the Olen Bose group. 

A similar area exists in the valley of the Leon, the next stream sontk- 
ward, from Gatesville westward. This stream valley should be thor- 
oughly tested. 

The next stream valley southward is the Gowhonse, and here again 
there has beien in the vicinity of Pidcoke's ranch another great devdop- 
ment similar to that around Olen Bose. 

The following account from Mr. Boessler's excellent report will give 
a good idea of these wells : 

Coryell County.— W. H. Belcher, Pidoook Ranob post-office : In Cowhouse Vall«7, 
throagh which ransa Bmall river, part io Hamilton County and part in Coryell Cooo^, 
are ahout 50 flowing wells. One well flows 50 gallons per minute, and it is aboot 
320 feet deep. 

The other wells stop at the first stratnm of flowing water. I believe if the weUi 
were 100 feet deeper they all would run from 50 to 57 gallons i>er minute. Tboe 
wells are all miueral water, but it has never been analyzed. None of these wells hive 
more than 30 feet casing, and I expect that there is a great waste of water thioocli 
the strata of these rocKs. These wells can be drilled liere for |200. Mine was ^e 
first drilled by insurance. Its depth is 290 feet ; cost |500 : capacity 2^ gallons per 
minute, and is used for household purposes, live stock, and lor irri^ting a small gar- 
den, and is good for beets, potatoes, cabbage, com, tomatoes, etc. It could be stored, 
but it is not. Altitude, 2,500 feet ; rainfall about 30 or 35 inches. J. T. Meeks's well, 
252 feet deep, cost |200 ; L. McCloskev, King post-office, well, 240 feet deep ; cost |240 ; 
flow 2 gallons per minute ; used for household purposes and live stock. Not good on 
vegetation. J. K. Davidson, Pecan Grove ; flowing well, 220 feet deep ; coet ^33.60 ; 
flows one^ighth inch stream, soda and sulphor, good for family use, watering stock, 
and irrigating one-fourth acre of garden. Affects fine vegetables. Flowing wells are 
from 130 feet to 600 &et; rainfall about 35 or 36 inches, and beautiful showing (a 
irrigation. 

I have heard of no drilling in the upper valleys of the Lampasas, San 
Gabriel, and Colorado, but they present exactly similar conditions, m 
has been proven in part by the 500 to 1,000 foot wells procured in tbe 
lower valleys of the Lampasas and San Gabriel at Belton and George- 
town. 

North of Glen Bose the continuity of these shallow conditions has beeo 
demonstrated at Springtown, in northern Parker County, where, accord- 
ing to Boessler, there are six or seven flowing wells within a radius of 
2 miles at Springtown, Parker County, and this seems to be the only 
point in the county where such have been obtained. Water is generally 
obtained in ordinary wells at a depth of 18 to 40 feet. The rainfall is 
given as follows: 1878, 31.34 inches; 1879, 23.71 inches; 1881, 23.54 inches; 
generally sufficient to mature crops every year. The western half oi 
tiie country is somewhat hilly, and is to a large extent covered witt- 
post-oak timber. The subsoil in many places is stiff red clay, and f 
usually found in such localities where it could be used in the constraB- 
tion of storage " tanks " or reservoirs from 1 to 10 acres in extent. Coa* 
pared with irrigated lands the people of this county get a " half crop'' 
l^m year to year. They could vastly improve on this by using tie 
facilities they have at hand. 

There is but little doubt that these wells can be procured in the val- 
leys of the western edge of the Grand Prairie, in Parker County, west of 
the Grand Prairie escarpment, and in the valley of the Brazos near 
Granbury. 

There are similar conditions in the lower valley of the Edwards 
Plateau, such as the Frio, New Braunfels and other rivers. 

The tot^l area developed of these valley wells of less than 600 feet 
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depth is over 2,400 miles sqaare. The system has only commenced its 
development. 

Irrigation with these shallow wells has been demonstrated by farmers 
of the Palaxy Valley to be both practicable, inexpensive, and profitable. 

In a former report I have shown that the region is subject to serioos 
droaghts, whlie the average yield is small, running from one-quarter to 
one-half a bale of cotton per acre. Most of this superb flow of water is 
not utilized for irrigation, because the methods and benefits of irrigation 
are not understood. Farmers, however, have attained good results from 
irrigation. Mr. William Lauham, who lives 6 miles west of GlenBose, 
has an 8-inch well which flows about 400,000 gallons of freestone water 
per day. With this he abundantly irrigates 30 acres of land, utilizing 
the water only a few days in the year. Although he came to Texas from 
more humid regions and had never before seen irrigation, his success 
has been great He has confined his efforts to the least profitable irri- 
gable crops, com, cotton, and Louisiana sugar cane, and has never 
manured or otherwise fertilized his land. The following table shows 
his experience : 





Produota. 




Averftiro 

yielT 

iflthoat 

inigatton. 


Yield of same Und 
irrigated. 




1888. 


1880. 


18M. 


Cotd 




ba8be)t.. 


36 

200 to 500 


75 
2,200 


M 

3.000 
350 


40 


Seed cotton 

MobuMOft of LoniatADft or 


Bibbonoane '. 


pounds.. 

i;aUons.. 


4.000 
360 













Several other experiments in irrigation in the same neighborhood have 
met with equally successful results. 'So one has irrigated alfalfa, clover, 
' small grains, or small fi;nits, which are most susceptible to profitable 
irrigation. 

At Paluxy village, 10 miles west, were two irrigated farms upon which 
cotton was growing two bales to an acre. 

In general, however, the waste of this water is most unfortunate, for 
if properly used it would be of priceless value to the agricultural inter- 
ests of Texas. 

THif FIVE HUNDRED-FOOT TO ONE THOUSAND-FOOT WELLS OF 
THE TRINITY FLOW. OR THE MORQAN-GATESVILLE GROUP. 

Still further eastward and down these valleys in the belt usually hav- 
ing a surface of the Morgan clays, thero is another belt of wells which 
are deeper, owing to the accession of overlying strata layers and dip to 
the eastward. These are secured around Morgan, Meridian, (George- 
town, Belton, and other places in a north and south belt, of the Grand 
Prairie, upon the outcrop of the Comanche Peak and Washita divi- 
sions, and the wells average from 500 to 1,200 feet deep. This belt in- 
cludes the Fort Worth and Denton wells, those at Whitney, George- 
town, McGregor, and Belton, and especially fine flows have recently 
been struck at the last two places, both of which aro situated upon or 
near the base of the Washita division (Nos. 8, 9, 10 of the Waco sec- 
tion). At McGregor the well is 1,200 feet deep and has the great 
flow of the Waco wells (19 miles east). The shallow Paluxy flow had 
been obtained here several years ago upon the farm of Ool. W. P. 
Gmnes. At Belton (altitude, 519), situated at the top of the Oaprina 
tim^tone^ (V lititlp Jower geologically tba^ J^ort WQirt^UorKcQrogor^twQ 
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soperb flows have been strnck this year, ooDoerning ^loh Mr. Wibon 
T. Davidson, the yonng geologist of that city, has furnished vie the fid- 
lowing list : 

Note on toelU of Belton 5y WiUon Davidton. — ^Theie are two wdh 
within this place, both drilled within ihe past twelve months, 189(^'9L 
One of these in the jail yard near the conrt-hoose (approximated ihi- 
tnde, 519), presents the following section, as famished by the well- 
driller: 

1. \ Softlln>^n« -; JcMnanche \ 

*• I Bluo marl or tlate ^v^ummivi«7 

Blae limestone 



8. 



White pntty or mnd 

White limestone (soft) 

Sand rock with iron pyrites (hard) 

Limestone 

White mud 

White limestone 

, White mnd 

Sandstone 



900 

90 
15 
50 
10 

100 
25 

SO 



.Trinity IB 



^Olen Rose. 



Total. 



The flow is very strong, bat as its amount had not been taken I 
conld not get it 

The citizen well dag some months ago is 70 feet higher than tbts, 
and (according to Ool. Denny) this one is approximately 70 feet less 
in depth. 

The water in the county well is 30^ F. warmer than the w^ daglut 
march (Ool. Denny). 

As ix> the flow of the new artesian well— by making repeated experi- 
ments with a large barrel, and stop watch, I fonnd it to be 1,002,040 gal- 
lons per day. The barrel was filled in five seconds every time. Of cooraei 
this is not exactly correct, bat approximate. I also wish to state tbati 
the water sand is 35 feet in thickness, same as in the other welL 

The Fort Worth drills commence in 8 and penetrate to 12^ to reaeb 
the Palaxy water, and ih>m thence downward the section is similar to 
Waco. 

OwiDg to the lower geological horizon of all these places, they are 
500 feet nearer to the great water sheets than the Austin* Waco bdt, 
by the absence of thickness of the Aastin chalk in part and the Ba^ 
Ford clays (the Lower Gross Timber sauds missing at Waco). 

THE LIMITS OP THE PORT WORTH-WACO SYSTEM. 

It requires bot a simple calcalation of dip and altitude to see that tir 
inclination of the lowest water-bearing sheets will carry them to a depA 
beyond practical reach (2,500-3,000) for economic use. This limit, S 
we estimate the thickness of the rock sheets, will be found in the eastern 
belt of the Black Prairie region, between the great Atlantic Timber hdt 
and the line of outcrop of tbe Austin-Dallas chalk. At Thomdale (atti- 
tude, 450) and Terrel (altitude, 425-514) situated upon a north and sooth 
line, some 200 miles apart, upon the eastern margin of the Black Prairie, 
at the top of the Pouderosa marls, over 2,000 feet have Ji)een drilled 
into these marls without reaching the Austin chalk, and it is probsUe 
that tbe same conditions prevail every foot of the way between them, 
as illustrated about half way, at Marlin (altitude 394) Falls Gounty, where 
the drill is now 1,600 feet in the marls.* Wells at Kaufman, OorsicanaT 

* The first or Palaxy flow lias sinoe been struck at 2,100 feet in tbe Marlin weU. 
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Map OF At8Tix. Texas, akd Vicixirv. showing Outcrops of Igxeocs Hock (shai>ed AKEAi^i tm« 
THE Water- BEARING Strata of the Graxd and Black Prairies axd Breaking their Cont 



Digitized by 



Google 



THE SHALLOW OR NON-FLOWINO WELLS. 117 

and all other intervening points will no doabt meet with similar experi- 
ments. 

This belt is at least 2,800 feet geologically above the fkce of Trinity 
sands, and 1,800 above the Lower Gross Timber sands north of the 
latitude of Hillsboro. 

The only portion of the Grand and Black Prairie regions, where this 
water can not be made to flow, between the Golorado and the latitude 
of Denton, is on the tops and slopes of the high mesas (^'monutoius'' in 
local parlance) which form the high divideis of the stream valleys of 
the western half of the Grand Prairie, and are higher in altitade than 
the receiving area of the Upper Gross Timbers. 

ARTESIAN FAILURES IN THE GRAND AND BLACK PRAIRIE 

REOIONS. 

The proportion of failures in this region north of San Antonio have 
been remarkably small. Of the numerous wells drilled, only a few have 
been unsuccessful, and the latter, except in two instances, were not 
drilled down to the water-bearing sands. In but one instance has a 
well which penetrated to the Trinity sands failed to secure a rise of 
water, and this was at Taylor, where the second well drilled, in less 
thui a mile from a most magnificent flow, was utterly dry, the Trinity 
sand especially so. I can offer no explanation of this, except that there 
was local imperviousness or perhaps certain conditions of faulting and 
slipping in the strata that cut off the sands from the water. At Thorn- 
dale, Marlin, and Terrel the wells were not drilled to the water. At 
Kerrville granite was struck at 700 feet. At Gable's Banch, 12 miles 
west of San Antonio, 2,200 feet of the Gomanche series were unsuccess* 
folly penetrated. ^ 

Negative or non-JUtwing wells. — ^At Rome, Wise Gounty, a well struck 
the water, but it failed to flow to the surface, because Rome is higher 
in altitude than the receiving area. The water rose sufficiently high 
to be pumped and is of great vidue. At the old well at Denison the 
water in a l,200foot well failed to flow for the same reason, that city 
having some 200 feet higher than the Trinity sands outcropping at Red 
River, at the great bluff below Preston. The value of nonflowing wells, 
however, should not be underestimated. Where the water rises to 
within pumping distance it is far more valuable than the surface wat^, 
on account of its fireedom from organic matter. They can be obtained 
neariy everywhere in the region. 

I have mentioned, p. — , a great ilftult or break in the strata from 
Marietta sonthwestward (followed by Red River fh>m Preston to 7 
miles east of Denison) towards Roxton and beyond, in Lamar Gounty. 
By this great fracture the whole region of the Grand Prairie and water- 
baring Trinity sands in Indian Territory has dropped below the alti- 
tude of the Red River tier of counties, so that there is no hydrostatic 
Eressure to force it np south of the fault on the Texas side, as proven 
y the borings at Denison and Paris. On the Indian Territory side, 
however, it is different, and magnificent flows should be obtained from 
the Palnxy and Trinity sands in this region, under exactly the same 
conditions as previously explained of the Lower Gross Timber sands. 

CONCLUSIONS AND SUMMARY OP THE ARTESIAN CONDITIONS 
OF THE BLACK AND GRAND PRAIRIE REGIONS. 

It is now evident that this region of Texas is underlaid by several 
vast sheets of water-bearing strata occurring at various intervals apart. 
The lowest and most valuable of these are the Trinity or Upper Gross 
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Timber sands, which anderlie every foot of the region and are tiie 
8oarce of a probably inexhaustible supply. This is the lowest sheet. of 
a group of water bearing sands at the base of the Lower Creta^^eous cs 
Comanche series, the highest of which, some 750 feet above it, istiie 
Paluxy sands, which afford bat a feeble flow and only extend under 
the region north of the Lampasas. 

From 1,500 to 1,700 feet above the Trinity sands and 800 to 1,000 abo?e 
the Paluxy bedsis another groupof water-bearing sheets, which outcrop 
in the Lower Gross Timbers, from which Dallas and Pottsboro receive 
their supplies. This sheet underlies only the Black Prairie region, aznl, 
while of great value, is not to be compared with the Trinity bc^, which 
can always be struck by boring through it. 

Having presented the geological character of the possible areas for 
securing water in the Black and Grand Prairie regions, I propose to 
show by the application of a simple rule how the approximate deptJi of 
the water sheets can be determined at any i>oint By drawing north 
and south lines through points of equal depth relative to mean sea 
level it may be grant^ that artesian flows can be obtained at any in- 
tervening point of that line, provided the surfEu^e altitudes are also 
similar. Thus a line drawn through Pidcock Ranch, Glen Rose, and 
Springtown will show that all along that line, at points of the same 
altitude, the Trinity water can be obtained at a less depth than 500 feet; 
A similar line through Georgetown, Beltou, and Gatesville will cross 
all points where the 500 to 1,000 foot. wells from the Trinity sands will 
flow ; one through McGregor, Whitney, and Port Worth will show the 
points where the 1,200-foot depth can be obtained ; one through Austin, 
Waco, Taylor, and Dallas, the 1,500 to 2,000 foot depth, and so on to the 
east Furthermore, the depth of the artesian flows can oe approximatelj 
prognosticated by a knowledge of the geological horizon outcropping 
at the surface. For instance, in the region where the Glen Rose beds 
outcrop the basal Trinity water sheet is not over 500 feet deep : where 
the Comanche Peak division occupy the surface the Paluxy sands water 
is from to 300 feet, and the basal Trinity or Jumbo flow from 500 to 
1,000 feet ; where the Fort Worth beds occupy the surface, the depth 
of the Jumbo flow is from 1,000 to 1,500 feet ; in the region of the Lower 
Cross Timbers and Eagle Ford Prairies it is from 1,500 to 1,800, and 
along the line of the Dallas- Austin Chalk from 1,600 to 2,400, the depth 
increasing to the northwaid. 

The depth of these wells depends upon their altitude and distance 
from the outcrop of the receiving area. This depth increases relative 
to mean sea level at the average rate of 30 feet per mile, and hence ad- 
jacent to the receiving area are shallow flows from 30 to 300 feet as at 
Glen Rose, Springtown, and Pidcock Ranch, while upon the eastern edge 
of the Black Prairie, as at Thorndale, Kaufman, Corsicana, andTerrellt 
these sands are over 3,000 feet in depth. 

The pressure is inversely proportionate to the altitude of the wells, 
being greater where the point of overflow is lowest. It is owing to 
Waco's situation in the deep valley of the Brazos that her wells have 
such magnificent pressure, and it is owing to DuUin's very high alti- 
tude that her wells have a small pressure. 

It has been a question with most well-drillers where to stop their 
drills. Many have the theory that the deeper the drill penetrates the 
strata the more will be the water obtained, while others, content to let 
well enough alone, have ceased drilling at the first flow of water ob- 
tained. Both of these hypotheses have to a certain extent been rights 
yet in their application they have often been wrong. The only sure rale 
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is to have a knowledge of the succession of the rock sheets and to gov- 
ern the depth of the drill holes accordingly. The foUowing rales, how- 
ever, may be considered of value in determining the question: 

1. If water is struck in the Lower Gross Timber sands the drill should 
continue at least 200 feet into the Fort Worth limestones, in order to 
obtain the benefit of all the flows of the sands. Below these the drill 
must go from 600 to 700 feet in order to reach the Paluxy sands, and 
from 600 to 700 feet below these to the main or Jumbo supply of the 
basal Trinity sands. 

2. When the greenish-red clays of the Carboniferous system below 
the basal Trinity sands are reached, it is hopeless and useless to drill 
farther, as shown by the deep drilling at Fort Worth and at Oisco. 

3. When the feeble mineral flows of the Paluxy and Upper Trinity 
are reached, the drill should by aU means be continued from 200 to 30O 
feet deeper to the basal or Jumbo flow. Many of the earlier wells dug at 
Fort Worth, Morgan, Meridian, and Glen Eose should be deepened. 
(See profiles.) 

THE ARTESIAH CONDITION OP THE BLACK AND GRAND PRAIRIES 
SOUTH OF THE COLORADO. 

There are many reasons for separating the prairie regions south of 
the Ck>lorado from those north of it. The chief of these is the great 
Balcones fault or fracture, which extends fh>m north of Austin to beyond 
Del Bio, by which the continuity and arrangement of the stratification 
is greatly broken, the strata of the Grand Prairie or Edwards Plateau 
becoming more horizontal, while the Black Prairie has dropped down 
and is covered by the great La Fayette gravel sheet which extends 
along the Atlantic and Oulf seaboard and greatly changes the surface 
aspects of the region. Again, the great fault line is accompanied by a 
remarkable series of ancient volcanic necks of black basaltic rocks, 
which break through the water strata. For these I have proposed the 
name of Shumard Knobs.* (Fig. 8.) 

These ancient volcanic rocks appear in upward of twenty places in 
the counties of Travis, Hays, Blanco, Oomal, Kendall, Medina, Uvalde, 
Bdwards, and Kenny. 

Owing to their pressure it is impossible t* predict the continuity of 
any area of flowing wells in the region, although the latter are numer- 
ous and abundant, while the great artesian springs here attain their 
greatest development. 

The presence of these great masses of impervious igneous rock cer- 
tainly render the certain^ of artesian experimentation doubtful south 
of the Colorado and east of the International road in Travis County, 
where they cross from the Grand into the Black Prairie region. South 
of that point, along the International road to San Antonio, wells ought 
to be secured at most places within 40 or 50 miles of the escarpment. 
At San Antonio, as more fully treated in the chapter on the Bio Grande 
embayment, wells have been obtained and great abundance of flo¥ring 
water, oil, gas, or all. 

* See American Oeologist, January, February, 1890. A typical one, Pilot Knob, 
more fully ^escribed in a recent paper. See ** Pilot Knob," American Geologist, 1891. 
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WATER CONDITIONS OP THE EDWARDS PLATEAU. 
(See Plate u and Fig. 9.) 

In the general description of the Kerrville plateau or soathem di?i* 
Bion of the Grand Prairie, I have explained bow it and its uorthwaid 
continuation — the Llano Estacador-fonns a great elongated mesa or 
table- land, the northern half of which is covered by the great sheeted 
Tertiary strata of the Llano Estacado beds. The mass of the Edwsrds 
Plateau is mostly composed of spongy strata of the Glen Rose and 
Trinity beds, capped on the summits by the impervious Gaprina lime- 
stone. By this arrangement, while the summits are dry, the whole mass 
of the interior and base of this immense mesa is charged with water 
like a sponge, which flows out at stream level on nearly every side aod 
feeds all the streams south of the Colorado, as the Concho, San Saba, 
Llano, Pedernalis, Comal, Gaudalupe, Medina, Frio, Merces, and Devik 
rivers. These escarpment springs are often of great volume, like those 
of the Concho in Tom Green and adjacent counties, and all receive their 
supply from the earth water of the great mesa flowing out at the lioe 
of stream level, and never from the escarpment fiu)e or bluff. These 
characteristic springs can well be represented by placing a large spooge 
on a marble-top table and placing on top of the sponge a perforata 
sheet iron or grating. The grating will be similar to the jointed and 
fractured limestone cap of the Edwards Plateau, whose water percofa^ 
downward into the sponge and prevents it from evaporating. The 
sponge will be analogous to the Glen Hose and Trinity sands, capable 
of holding much water in saturation, even when dry around its edgea 
The marble represents either the impervious Bed beds floor or the Inn 
of complete saturation in the Trinity t)eds themselves, which in either 
case will prevent the farther downward percolation of water, and, heDoe, 
by its own gravity it will flow or sipe out at the line of the lowest rela- 
tive level, which is usually the stream beds. This is exactly the. case 
of the springs of the great Edwards Plateau. The surjfiEice is dry and 
poorly adapted to agriculture, like the mountain tops (mesa) of the 
main Grand Prairie region, and has very little population. The deep 
canyons cut in to the spongy Glen Bose and Trinity beds form the sides 
of this mesa and usually have water and numerous springs, and in them 
is situated all the agricultural areas, but they do not constitute one per 
cent of the vast area for which the springs might be available. 

The canyon 8i>ring8 in the eastern edge of the plateau, where th^re is 
more rainfall, are among the picturesque features of Texas, especially 
the valleys of the Guadalupe and Concho, and present unusually fine 
conditions for irrigation of the farming lands which border them. 

The springs of this region are too numerous to give in detail, but the 
principal ones, beginning on the north, are the Big Springs of Howard 
County (in the transitional region between the Llano Estacado and the 
Edwards Plateau) which were admirably described by Mr. P. B. Booes- 
ler in the report frequently cited in this work. These springs flow 
ih)m the Trinity sands, as since determined by specimens and sectioDS 
furnished by Mr. Boessler. 

Proceeding southward across the drainage divides (spurs of the maio 
plateau) magnificent seepage springs of great volume are met in the val- 
leys of the various branches of the Concho River, which have furnished 
water for irrigation in the Tom Green country for many years. These 
all break out from the Trinity sands and conglomerate. ContinuiDg 
eastward, the next greatest springs are met in the Menard countiyt 
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which flow as follows: McEavett, Block Springs, 300 cubic feet; Clear 
Springs, 1,200; Coglan Springs, 100; Elm Springs, 75. These springs 
originate the San l^ba Biver ; continuing around the eastern and sotith- 
em border they increase in number until the Nueoes is passed. In the 
Pecos Vall^, Howard Springs, in Orockett County, are the last of the 
series of springs which drain the base of the Edwards Plateau. 

On the surface of the Edwards Plateau water is reached only by deep 
wells from 3 to 500 feet in Val Verde County, which penetrate to the 
Trinity beds. These wells and their depths are given in the accompany- 
ing table. All experim^its thus far have feuled to reveal artesian con- 
ditions on this plateau from San Antonio to the Canadian, but t^s ex- 
perimentation has been too limited to warrant any negative conclusions. 
In general these water conditions are of the same category as those dis- 
enased in the chapter on the Llano Estacado. 

N^n-Jiowing imII* owned iy the New York and Texas Land Company (Limikd) in Kinney 

and Val ^erde eountiee. 

No. 1.— 263 feet deep, 120 feet of water, 3 miles N. of Brackett. 

Ho. 2.— 257i feet deep, 80 feet of water, about 5 milee N. 35^ £. from Brackett 

Ho. 3.-274 feet deep, depth of water not given, 8 milee N. of Brackett. 

No. 4.— 299i feet deep, 175 feet of water, aboat 10 miles N.22o £. of Brackett. 

No. 5.-378 feet deep, plenty of water, about 5^ miles N. 71^ £. from Brackett. 

No. 6.-289 feet deep, 130 feet of water, about 7 miles N. 49^ £. from Brackett. 

No. 7.-237 feet deep, about 9 miles N. 57<> £. from Brackett. 

No. 8.— 150 fBet deep, plenty of water, about 7 miles N. 68^ £. from Brackett. 

UXDHSIM PA8TUBB. 

No. 1.— 148 feet deep, plenty of water, about 10 miles N. 70^ £. of Del Bio. 
No. 2.— 158 feet deep, about 7 miles N. 85^ £. from Del Rio. 

m'lyman pasture. 

No. 3.-80 feet deep, 20 feet of water, about 16 miles N. 37^ W. of Brackett. 
No. 4.-65 feet deep, 95 feet of water, about 11 miles N. 22^ W. of Brackett. 

STANDARD PASTpRK. 

No. 1.— 222 feet, 130 feet of water, about 13 miles N. 62^ £. from Del Rio. 
No. 2.-186 feet deep, 80 feet of water, about 16 miles N. 63^ £. of Del Rio. 

, CROWL PASTURS. 

There is one well on this pasture 86 feet deep, 30 feet of water, about 5 miles N. 60^ 
£. of Del Rio. 

UTILIZATION OP THE ARTESIAN WATERS OP THE BLACK AND 

GRAND PRAIRIE. 

It is bardly Decessary to dwell opon the need and value of water to 
the fertile region in which it has been obtained. A good water supply 
is the foundation of every civilization, and man's prosperity is usually 
proportionate to its abundance and purity. 

In this special region the very qualities which make the soil rich have 
made the surface waters scarce, often impure, and more or less defiled by 
iDvisible germs of disease and malaria,the only afflictions with which this 
otherwise most healthy country is troubled. The city populations were 
especially restricted and inconvenienced by the lack of pure and abun* 
dant water supplies. Within the past few years all of this has been 
changed, and now we see the cities of Houston, Waco, Austin, San 
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Antonio, Fort Worth, Belton, Temple, Dallas, Denison, D^iton, aod 
Sherman (the latter a ne^^ttve well) all drawing more or less abondant 
supply from underground sources, while hundreds of farms are anoD^ 
ally supplied — giving increased value and new life to those places and 
an incalculable influence upon the material prosperity. Several of tbe 
large charitable and correctional institutions have also been supplied 
with this water, as the State insane asylums at Austin and Sw An- 
tonio and the Beformatory at Gatesville. 

In addition to the value of certain of these waters for th^ puri^, 
certain others, as those from the Upper Olen Bose beds, at G^rgetowD, 
Waco, Pidooke's ranche, Oroome's well at Austin, and elsewhere, bafe 
superior medicinal virtues, resembling the celebrated Spas of (J^muiy, 
which are found in somewhat similar rocks. These wells are of incal- 
culable worth to the malarial region of the timbered coastal plain of 
east Texas, Arkansas, and Louisiana, and will undoubtedly l>e of great 
service to the people thereof, when they learn to appredate ^em. 
The hygienic aspect of these waters, both the pure and the medicinal, 
will also prove of great value to the live stock interests. 

The industrial uses to which these waters are at present put are many. 
At Waco hundreds of sewing machines in clothing factories, electrie 
motors, wood- working machinery, and other small industries are ran by 
the pressure of wells, without wasting the water, by the use of small 
and powerful California wheels. When the high cost of fuel in Texas 
is considered, this use of artesian water becomes a most important fac- 
tor. 

The greatest use of this water at present is the fact that it brings to 
hitherto poorly watered farming and grazing lands an abundimt supplj 
of water for domestic and stock purposes, making small farms of 100 
acres or less possible, where until recently subdivisions of large bodies 
of land or ranches were impossible, and, even in the rich black pnuries 
around Waco, only large plantations could exist, each controlling a few 
surface wells or water holes from which the tenants or renters dragged 
for miles the dirty water in barrels on clumsy sleds, while in time of 
drought there have been failures of even the domestic water supply for 
large districts. 

This condition has already changed, and Prather's well, for instance, 
on a farm south of Waco, alone furnishes more water than the entire 
surface supply of McLennan County, except the Brazos River, has hith- 
erto afforded. 

I drove during the great droughtof 1877 from Decatur to Fort Wortb, 
over a rich grass-clad region, without being able to secure a drop of 
water for myself or team the entire distance, while dozens of suffering 
teamsters were begging and trying to buy water from the owners of the 
few and all but exhausted surface wells along the way. With the knowl- 
edge now before us, every foot of that vast area of the Grand Prairie, 
being underlaid by water, could be cat into forty-acre tracts, upon 
each of which, if flowing water could not be obtained, magnifteeot 
negative wells rising nearly to the surface could be obtained, famish* 
ing an abundance of waters unaffected by drought. 

Irrigation of the Grand and Blade Prairie region. — It is not the object 
of my report to discuss ipethods of irrigation, but to show the amonnt 
and availability of the water. 

The rainfall of the northeastern portion of the Black' Prairie region, 
(the portion where artesian wells are least possible) is abundant for all 
plantation crops, which seldom suffer there for water. The remainder 
of the region is more or less subject to drouth at intervals from five to 
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two years as we go eastward. All portions are subject to long, dry 
periods annually (usually in the autumn, after the corn and cotton has 
been laid by), during which gardens and fruits suffer greatly. 

It is not my intention to convey the idea that the Black Prairie re- 
gion is subject to droughty for crops of com and cotton are often rich 
and abundant, but all admit that it has seasons of rain and drought, and 
that, if rich now, it could be made immensely richer by irrigation, and 
all the fruits and vegetables now imported from the irrigated lands of 
Utah and Oalifomia could be produced at home. 

The value of these wells for irrigation has been demonstrated by the 
modest farmers of the Paluxy valley, who by their own humble methods 
and without previous knowledge of the subject are now quadrupling 
the yield of cotton and grain. A farmer at Paluxy stated to me that 
his 10 acres of cotton, yielding nearly two bi^es of 500 pounds eadi to 
the acre, was far more profitable and easily worked than 100 acres 
which he had until recentiy caltivated in Alabama. 

Irrigation from the artesian well is at present successfully practiced 
in the Paluxy region, and the largest and most prosperous city in Texas, 
San Antonio, is built upon and about an irrigation enterprise, which has 
most profitably and successfully utilized their underground waters for 
nearly 300 years, affording occupation for all the mission settlemeots in 
the past, supporting hundreds of gardens at present and destined to be 
of great value in the future. 

Every drop of water from these springs and wells can be utilized for 
irrigation, and when the people of the region appreciate the fact that 
each ^lon of water has a specific value in agriculture, as has a pound 
of coal in industrial enterprise, not one drop of this water will be al- 
lowed to escape unutilized, and the agricultural wealth will be enor- 
^monsly increased. 



IV. 

THE ARTESIAN SYSTEM OF THE RIO GRANDE EMBAYMENT. 

I have explained on a previous page how the features of the Coastal 
plain changed south of the Colorado or Guadalupe and the great 
Austin-Del Bio escarpment into a more arid and generally different 
region. This includes the continuation of the Coastal prairie, the 
Washington prairie, the Timber belt, and of the Black prairie, and all 
the Bio Grande counties as far west as Yal Verde, all Maverick, Encinal, 
Duvall, Nueces, Webb, Dimmitt, La Salle, Zavalla, Frio, Atascosa, 
Karnes, Goliad, Befngio, Live OaK, San Patricio, Wilson, and Aransas, 
and the southern or eastern portion of Uvalde, Medina, Bexar, and 
Guadalupe. 

The ninety-seventh meridian, which is accepted as the western limit 
of reliable rainfall, intercepts the gulf at Aransas Pass, the eastern 
limit of this region, and if reports be true it certainly is in its lower part 
at least, one of the arid portions of Texas, a drought of over eighteen 
mouths' duraiion having been recently reported from Hidalgo within 
100 miles of the .coast The rainfall however is much greater towards 
its interior margin, San Antonio, to Del Bio, where the drought has not 
extended. This region is in many respects the least studied geologic- 
ally in Texas. 
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Its predoDiioaut and topographic featoreis its generally low altitade; 
tbe contour or line of equal altitude (of 600 feet^ which marks its west- 
ern margin makes a great deflection westward along the escarpmeat 
of the Edwards Plateau, up the Bio Grande to Eagle Pass, thence btek 
towards the coast on the Mexican side, and constitutes a great indea- 
tation, as if it had been a bay of the gulf which covered the regioB 
in comparatively recent geologic time. This is further proved by tbi 
extensive deposits of sand, gravel, and conglomerate that mark Kb 
interior margin, indicative of a late sea level, and remain in places o?er 
the whole area, but greatly divided by a still more restricted and recent 
event to be seen nearer the Bio Grande Valley. 

I am inclined to believe this gravel sedimentation is the interior mar- 
gin of the formation of the ifayette prices. 

The interior margin of this ddbris, visible fh>m San Antonio to Uvalde, 
is only a thin inconspicuous sheet and bears no relation to the artesisa 
problems. 

The fundamental structure underlying these surface sheets in portions 
of the coastal incline is the system of rock sheets from the l^le Ford 
shales (bordering the escarpment from San Antonio to Uvalde) oo its 
interior margin to the coastal clays and prairies at the coast, with slight 
variations fi^m the same beds seen in Texas north of t^e Guadalape. 
This includes a great thickness of alternations of porous and imp<Mpm 
beds, many of which are artesian water reservoirs. The San Antonio 
water strata are the lowest geologically of these water-bearing beds. 
Succeeding the chalks and clays which overlie tiiem is a great develop- 
ment of sands and sandstones in the glauconitic division of the Upper 
Cretaceous and Eocene, which here is entirely different (owing to tbe 
different conditions of original sedimentation in this Bio Grande emba^* 
ment), ftom tbe Arkansas- New Jersey development. These, for which 
I have proposed tbe name of the Eagle Pass beds, outcrop from west of 
Eagle Pass to Webb Oounty line along the Bio Grande, and occur sll 
over the embayment as far south as the Santa Bosa Mountains in Got- 
bulla. Succeeding these are various beds of the Eo-Lignitic Washing- 
ton (Miocene) and coast prairies, in all of which wells have been found. 

This region, as a whole, has not been prospected for water in maoj 
places, and in most of the counties, especially those east of the Inter- 
national and south of the San Antonio and Corpus Ohristi roads, veils 
have not been drilled. 

In most of the instances where drillings were made the results were 
successful and water was obtained at less than 600 feet in instances, 
and in no case has a depth of 1,000 feet been attained. 

From the results so far recorded, mostly in Mr. Boessler's paper, it 
may be safely said, that at least four well defined water areas have beei 
penetrated in this area, to wit, commencing with the lowest as follows: 

1. The San Antonio or Black Prairie sysiem. 

2. The Eagle Pass beds. 

3. The Carriseo sandstone of Owen's, in Dimmit and Uvalde oonnties (of Laraoiie 
or Eocene Affe). 

4. The Eo-Lign!tic sands. 

5. The Washington sands orGalveston-Honston ooaatal systeok 

The wells of San Antonio are being bored so rapidly and sucoessAiIIy 
that their number can not be given. Tbey often flow oil and gas (firos 
the Eagle Ford shales as at Waco), but water is reached at a depth of 
from GOO to 1,000 feet in a hard sandstone, which, although not proved, 
is apparently the Lower Cross Timber sands, which have no real oot^ 
crop, owing to the great fault to the west of the cijy. 
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A sectioii of the earliest of these wells shows : 

Feet 

3. 8m1, olay, and mrel of the QQaternftry period 36 

8. Blue day aoapatone and blaek (oleaginone) shale (FiBhbeds or Eagle Ford 

Bhalee) - ^ 610 

1. A very lutfd sandstone with strong flow of water, the horizon of which has 

not been determined ^... t, 5 

Total 651 

In one well, 4 miles south of the city^ this sandstone was penetrated 
tor 75 feet 

The field of these wdls around San Antonio has been explored for 
10 miles eastward with great snooess. Twelve miles west of the city, 
at Heliotes, where the Edward plateaa sets in, the entirely different 
rocks of the Comanche series were iMMsed through, and a drill pene- 
trated 2,000 feet, at Mr. Gable's ranche, without getting a flow, indicat- 
ing a different condition. The country similar to San Antonio east of 
the Balcones foult should be explored as for west as the Austin chalk 
and fish beds extend (to Uvalde at least), and wells will probably be 
found which will be of inestimable value to that region. 

There is every reason to suppose that these wells ean be procured at 
many places, most places, in foct, from San Antonio westward, between 
the Southern Pacific and the ^'mountains" TBaloones escarpment) as far 
west as the Nueces, where several small shallow wells have been already 
obtained in Uvalde County. At Spofford Junction a well was bored 
1,800 fee£ without striking water or getting below the Denison clays, 
which would indicate that at and west of that place the favorable con- 
ditions bad ceased for procuring water from the beds of the Creta- 
ceous. 

At Del Bio, still westward, where the greatest of artesian springs 
occurs, the surface strata, Washita and Denison beds, are 1,800 feet 
lower geologically than at Spofford, and a weak flow of very poor arte- 
sian water was obtained at less than 1,000 feet 

The Black Prairie has little width in this region, but is overlapped 
coastward by great deposits of sandy strata belonging to the Upper 
Cretaceous and later periods. 

The source of the Eagle Pass wells is undoubtedly the sandstones of 
the Eagle Pass beds, the oil and gas being derived from the lignites 
which they contiun. Inasmuch as these l^s underlie all the greac 
basin on both sides of the Bio Grande, fh>m Eagle Pass to near Laredo, 
and the general inclination is towards the river, the region is worthy of 
further prospecting. 

At Carrizo Springs, in Dimmit County, and westward, there is a 
great sandstone deposit beneath the surfoce which has been named the 
Carrizo sands by Mr. J. Owen, the excellent geologist of Eagle Pass. 
(See preliminary report of the Texas State Survey.) 

This sandstone has a wide outcrop in western Dimmit, southern 
Uvalde, and northern Nueces counties, surmounting the Eagle Pass 
beds. Several fine wells have been procured fh>m the Carrizo sands, 
which have been reported by Mr. Boessler. 

The extent and capacity of the Carrizo sands is yet to be determined, 
and there is little doubt but they will prove a most profitable and ex- 
tensive artesian area, in the counties of Webb and Dimmit, and the 
region should be most thoroughly prospected. 

The Atascosa weUs^ or JSo-IAgnitie sands. At Pleasanton (altitude, 
300), in Atascosa County, a welt was secured at 108 feet Not having 
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been able to visit this point, I can only base my jadgment upon the 
evidence of others, which leads me to believe that these waters come 
from the sands of the Eo-Lignitic * or Camden beds whick underlie tiie 
great timbered region of Texas and eastern Arkansas. If these are the 
same sands from which Marshall and other cities of Texas secure Ete- 
sian water, it should supply a means of great devdopmentfor Atascosa 
and adjacent counties. 

The wells of the coastal region are derived from the Washington a&d 
Fayette sands. 

The same beds which underlie Houston and Galveston extend along 
the coast sonthwestward and supply artesian flows at Yorktowo, Ve* 
lasco, Gonzales, Cuero, and San Patrieio, at shallow d^tbs vaqnug 
firom 40 feet at Yorktown to 906 near Patricio. There is little doabt 
but that these wells can be obtained along the whole coastal region for 
50 miles inland. 

I have now discussed the great artesian conditions of the coastward 
incline of Texas, and can only add that in this whole region, with the 
exceptions noted, wells can be obtained at moderate depths. 

The slight coastward slope of the whole region and the corresponding 
inclination of its underlying beds indicate a good supply from one or 
more of the underlying sandstones anywhere that a well will be drilled 
deep enough. While the flow may be small, even any amount will be 
a great boon to the region. 



V. 

WATER CONDITIONS OF THE CARBONIFEROUS AND OLDER 
PALEOZOIC REGION OF CENTRAL TEXAS. 

Good wells (nonflowiug) are abundant throughout most of this region, 
and several small artesian wells of poor quality and flow have been re- 
ported. Concerning this region Mr. Koessler has said : 

Between the ninety-ninth and one hundred and first meridians the borings bsre 
been failures thronghout. In most cases, as at Cisoo, Eastland, Baird, Colorado, aod 
Big Springs, no flow was secured, leaving the few small shallow wells at Wajlaod, 
Stephens County, out of the calculation on account of their small flow. Where a 
flow has been secured, it was either mineral or impregnated with salt, coal gas, etc, 
as at Trickham, Colemau County ; Gordon, Palo Pinto County ; San Antonio, E<l€D, 
Concho County, and other places. The pressure necessary for artesian wells is pres- 
ent in all the wells mentioned. 

The structure of the region is unfavorable for any large flow of water, 
and I do not advise further experiments. In Burnet County one or two 
small flows have been secured out of hundreds of borings made with the 
diamond drill by mineral prospectors. 

*For a full description of the lithology of these sands, see report of Arkamu 
SUte Qoologioal Survey, Vol. 2, 1888. 
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VI. 

WATER CONDITIONS IN THE RED BEDS REGION. 

[Western Indian Territory, the Canadian and Peoos valleys of New Mexico', and the 
Abilene, Concho, and Wichita conntries of Texas.] 

This region is one of the most striking and important of the geo- 
graphic features of the Sonthwest. Its name is derived from the fact 
that the surface of the whole country underlaid by it is of conspicuous 
red colors, glaring yermilion or deep-brown chocolate sometimes pre- 
vailingy varied only here and there by a bed of snow-white gypsum. 
To one accustomed to the green-clad landscape of the east or its somber- 
colored formations, the vast landscapes and brilliant colors of the Bed 
Beds is strikiug, especially if seen in some bold cliff for scores of miles. 
A landscape in color that of red brick dust is the only familiar com- 
imrison. 

These beds occupy a vast extent of country in Oklahoma, Texas, and 
Ifew Mexico, aggregating 100,000 square miles, as seen npon the map, 
occupying aU the nonmountainous region, except where covered by tiie 
Llano Estacado formation, fh>m southern Kansas to the trans-Pecos 
Mountains, and westward around the southern termination of the 
Bockies, through New Mexico, Utah, and Oregon, to the Sierras. They 
have not been recorded far south of the Southern Pacific Boad, nor do 
they anywhere api)ear in Mexico north of Oatorce, the Oretaceous still 
covering that area. The valleys of the Canadian and the Pecos re- 
veal their presence beneath the Llano Estacado, and the Orand OaSlon 
of the Colorado shows them in Arizona and Utah. Occasionally they 
appear in the flanks of the Bocky Mountains. Their characteristic and 
most perfect exposures are in the country between tbeninety-ninth and 
one hundredth meridians south of the Arkansas and north of the Concbos, 
embracing portions of Texas, Indian Territory, Oklahoma, No Man's 
Land, and nearly all of Oklahoma, where they occupy beautiful prai- 
ries, including those of the celebrated Wichita, Concho, and Abilene 
countries, which embrace fine agricultural lands of Texas and the Okla- 
homa country. They also include much of the Pecos Valley, especially 
east of Eddy, between the river and the plains, and from Boswell north- 
ward to near the crossings of the river and the Santa Fe Bailway. 

Along the eastern escarpment of the Llano Estacado and up the ca&- 
ons of the Brazos, Colorado, and Bed rivers that incise it, and up the 
valley of the Canadian, thero are beautiful blnfis of these vermilion 
beds, with an occasional butte or mesa. 

These beds constitute the foundation of the northern and eastern 
edge of the Llano Estacado north of the Colorado. 

The principal aroa of the Bed Beds is that of western Indian Terri- 
tory and northwestern Texas, between the Llano Estacado on the west 
and the Coal Measures on the east This stretches from the thirty- 
eighth to the thirty-second parallel, a distance of 350 miles north and 
south and from the ninety-eighth to the one hundredth degrees of long- 
itude, or averages 150 miles in width, a total of 52,500 square miles^ 
an unbroken prairie, except small areas occupied by the Witchita 
Mountains and a few remnant buttes of the Orand Prairie and Llano 
Estacado formations which have been preserved to remind us of the 
vast erosion the region has undergone. 

The next area in size is in north central New Mexico, on either side of 
the Canadian and Pecos, after those streams have emerged ftom the 
momitMim md ^jac^ut plat^Ds. TMs yMej is m ^^onaooa troogb 
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farrowed out of the Baton and Llano Estaoado plateaos by eroeion. Its 
northern boundary is the superb Corazon escarpment which mna east- 
ward from Pecos, crossing to the Texas line. This esoarpment, as shown 
upon the topographic mai>s of the United States Geological Sarrey, ia 
over 1,200 feet in height above the Oanadian River. It extends irreg- 
ularly northeastward for 100 miles until overlapped by the plmns sor- 
rounding a magnificent valley of the Sed Beds, in the lowest portions of 
which the drainage of the Oankdian and Pecos are at an altitude of 
4,000 feet, or over 2,000 below its summit. 

This valley plain is irregular in outline,, as shown on duhm, but of 
great area. In it the drainages of the Pecos and Canadian separate oa 
their long and different journeys to the sea around the nortii west es- 
carpment of the Llando Estaoado, which looms up in the distance lite 
a mystic wall. Language can not describe the magnificence of the 
scenery : everywhere upon it is seen the grand and deep erosion by 
which the overlapping fortaiations have been stripped from the horiicHi- 
tal Red Beds, and, as if to make the fact more impressive, nature has 
left standing in the valley numerous remnants of the plain in theshape 
of great circular buttes and mesas as El Corazon, the Gavilian Mesa 
Bico, Mesa Redondo, the big and little Huerfano, Mesa Tucumcain, 
and others, every stratum of their red and white beds visible for mOee 
and showing the lack of artesian conditions. These superb buttes of 
the Canadian valley are among the most interesting features of wa 
country, and as they have been the subject of much controversy, I pre- 
sent a description of one of them by Oapt. Jas. B. Simpson, U. S. A^ 
written some forty years ago.* 

Soon after taking ap the line of march a small, faint, clond-like appearaooe 0f anftH 
bnt growing exCeut exhibited itaelf, bearing magnetically nearly west. A fow miki 
farther on this appearance gave away to a well-defined tmnoated one. Proeeeding 
still farther on, and in proportion as we progressed, a dome-like appearance gradnaUj 
unfolded itself, till at length, ^hen we nad almost reached onr present camp, an m- 
semblage appeared which did not fail to strike many of ns as t>eing an excellent re- 

Csentatiou of the dome of the Capitol at Washington. This object, which we hare 
n gazinja^ at nearly all day with the greatest interest, we take to be a Ceno de 
Tncumcam. Passing over a poor soil we reached Cerro de Tncnmcarri. Afters 
laborions ascent, of which some fifty feet were nearly vertical, we reached it« somtmt 
On every side was an nnobstrncted view. To the west and sonth lay a confused maas 
of irregular hills, with here and there a well-defined and conical one to oharacterte 
the scene. Far behind to the west lay a range of mountains or hills and more coo- 
spicuous than the rest of the high peak. To the south, some 8 miles distant, I oooM 
see with my reconooitering glass the serrated t«Dts of onr command, reposing on t 
timbered affluent of the Canadian. To the southeast and east lay the famous 'Llaoo 
Estaoado ' of the Mexicans. To the northeast and north lay a limitless, unbroktt, 
and undulating prairie, no signs of the Canadian being apparent. Pacing the top 
of the mound, I found it to be 230 yards, by 370 in area ; and, by a measarement o 
the slope of the hill and rougbly reducing it to an Angle of 45 degrees, I made its 
height over 700 feet (900 feet above the Canadian). The circumference of its bsM 
to our surprise I found to be nearly 6 miles, it having taken a horse two hours lesi 
eight minutes to walk around it. (P. 14.) 

Following up Tncnmcarri Creek, a fine view made up of sugar-loafed hills and tab- 
leau mounds, and opening vistas, presents itself to your front. The regular stratiflm- 
tion of these bills, their pearly white and red color in horizontal zones, and the wfaoie 
surface besprinkled as they are, with stunted cedar of a dark-green color, wiU not be 
failed to be noticed by the traveler as giving them a very beautifhl and unique ella^ 
acter. The formation of these hills, which are from 100 to 300 and 400 feet high, ia 
at the base a red argillaceous rock, the Red Beds, easily ftan^lble ; next proceeding 
upward, a zone of sandstone rock (the Trinity Sands), ve^ friable and of a greenirii- 
white color : last and uppermost, a sandstone rock (the pakota Sands), of a browniab 
hue and ratner coarse character. Large fragments of these last-mentioned locka lie 
scattered on the tops of the hills.'' 

* Thirty-first Congress, first session, House of Represeptatives. Ex. Doc. No. 44, 
Report of Exploration and survey of route from Fort Smith, Ark., to SaiKa Fe,N. 
Mex., made in 1849, by Lieut. James H. Simpson, Corp of Topographical Engineen; 
also a report on the same subject from Capt. R. B. Marcy, Fifth Itiumttr^ 
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TLe writer has twice visited the Mesa Tacaincarri and found it a most 
iiitereHtiiig geological remnant of the former area of the Llauo Esta- 
caclo. The table or summit described by Oapt. Simpson is covered with 
the typical Llano EvStacado formation, identical in composition and 
formerly continuous with the sheet which covers the Llano proper, some 
20 miles distant. Below this is a vertical escarpment of 50 feet or more 
of typical Dakota sandstone resting upon loose sands and clays, ionn- 
ing a 8lo)>e identical in aspect and fossil remains with the Denison beds 
of the Washita Division, which have been eroded away fiom the 400 
miles intervening between it and the main body of those beds at Deni- 
son, Tex. Beneath this is a Jarge deposit of the typical Trinity sands 
conntry, of white pack sands, thin clay seams, and flagstones, while 
the base is composed of the typical vermilion sandy clays of the Red 
Beds. 

This valley has several hmall creeks at intervals of 15 to 30 miles apart, 
Biich as the Concho, La Cinto,TrnxiIlo, Plaza Largo, and one ortwoothers, 
the water of which is all the escarpment drainage of the Llano. and 
could be used for irrigation of about 1 acre in 1,000 of the beautiful land, 
as is now used at Dutch Henry's Ranch, the only Caucasian settlement 
between Las Vegas and Bell Kanche, 100 miles east, where a steam en- 
fjiiie is used to irrigate about 20 acrei?. The scarcity of fuel, however, 
would not allow this mode of irrigation to be extensively used. 

Around the edges of the escarpment of these valleys there are occa- 
sional springs many miles apart which usually have their origin at the 
contact of the Red Beds and the overlying sands of the Dakota or 
Llano Estacado, from which the water is derived, and which will be 
discussed in these chapters relating to those formations. 

In the Red Beds proper there are few wells, the only one of note being 
tbat at the cattle ranch at the northeast base of Tucumcarri Mesa, 
-■wliioh supplies an abundance of water, which is pumped for cattle ; this 
leads us to infer that others could be obtained. 

The Red Beds also extend down the valley of the Pecos from its di- 
vergence from the Canadian around the western border of the Llano 
Sstacado. This prolongation continues to the Texas line and occupies 
nearly 5,000 square miles of area. From Eddy to 60 miles south of 
Pecos they are overlapped by later formations, but appear again in 
tfae vicinity of the Castle Mountains. There are other isolated patches 
in eastern and central Mexico of considerable area, of which details 
must be omitted. 

The Red Beds are composed of finely comminuted material, mostly red 
clay and sand, usually thoroughly mixed together, accompanied some- 
times by beds of coarse, loosely cemented, greenish and chocolate col- 
ored sandstone, which weathers into circular turban-shaped masses. 
Occasionally, as at Guthrie, Okla., and Tascosa, Tex., there is a species 
of conglomerate, the pebble always being composed of the sands and 
clays of its own beds. While, no doubt, A continuous and unbroken 
formation from the bottom to the top, there are other variations in 
structure which are here noted. 

In their lower portion there are darker colored chocolates, and cop- 
peras green tints occur frequently, and a greater amount of rounded sand 
of varying coarseness. The rocks of this division are well displayed in 
the southeastern half of Oklahoma, at Henrietta, Colorado City, Tascosa^ 
and other points in Texas, and in the valley of the Canadian from the 
mouth of Cation del Agua, New Mexico, to east of the Texas line. Occa- 
sional fragments of fossil wood and remains of plants, reptiles, moUnsks, 
etc.| have been reported from localities which I believe to be in these 
S; Ex. 41, pt. 3 9 
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beds^and ascribed to the PeiiniuD aire. This lower division of the 
Hed Beds is al^o character zrd by excetssive cioss-beddin^ and lack of 
persistent planes of strutiticatiou. 

The beds become finer, more argillaceous and gypsyferons in their 
middle division, as can be seen in the fine brick-dast clays of the Peoos 
and Canadian valleys (notably the base of Sierra Tucnmcarri),intiw 
lower third of Canon Blanco, in the eastern edge of the Llano Estacado, 
and in the vicinity of Sweetwater Couniy, and Vernon, Wildbarger 
County, Tex. 

The escarpment of the Llano Estacado in Texas and New Mexico, 
afifords sui)erb displays of these brilliantly colored strata, often alter- 
nating with bands of pure white, saccharoidal gypsum, 

The beds of gypsum occur over a great area and its quantity is inex- 
haustible (Fig. 10). The strata are from a few inches to 20 feet in thick- 
ness, usually of a pure white color, presenting a strong contrast with 
the vermilion layers with which it is embeddcnl. It is present io Kan- 
sa«, Kew Mexico, Oklahoma, and Texas in great abundance, and is the 
most impuilant economic feature in the whole Bed Beds region, in that 
its presence is the basis of the fertility of the Red Beds and it is readily 
soluble ni water and usually accompanied by it. The water is often so 
strongly impregnated with it that the term '• gyp water" is a oouimon 
exprestsion throughout the region. Although until recently unappre- 
ciated it is rapidly becoming an important economic feature, and is be- 
ing manufactured into plaster Pari^<, an adamant wall plaster, in great 
quantities. 

Gypsum also occurs in biiglit crystals resembling mica, for which it 
is commonly mistakeii. In eastern Mexico the gypsum is often soft like 
pulverent Hour and is known as jeso (yaso). This jeso is often mistaken 
for the injuiious ^^ alkali," when in fact it is a most important eleauint 
in the fertility of a soil. Miles and miles of jeso can be seen in 'the 
Pecos Valley where it is blown about by the winds. 

In the Tularosa Valley, at the head of the Franklin Hueoo basin, the 
gypsum is granular and is known as the white sands. These sandisex- 
tend for many squai e miles and resemble siliceous sand. They coDtaio 
a great amount of water and it is only necessary to dig a few feet to 
obtain wells throughout their extent. 

The term Ked Beds is geologically used to denote the vast series of 
red colored deposits below the well drflned Trinity sands and above the 
undoubted PernioCaiboniferous. Their age (\\hich is utterly imma- 
terial to the question of artesian water) certainly ranges from PenniaD 
at their base, as 8hown by the investigations of Cope, Boll, and White, 
in Wichita counties of Texas, to Triassic, as shown by Newberry ami 
Marcou, in Texas and New Mexico, and probably Jurassic — continuing 
to the base of the Comanche series, as seen in the Cheyenne sandstoueK 
of Kansas and at the base of Tucnmcarri, N. Mex. 

Whatever their age, they have the same unmistakable characteristics 
of color and unconsolidation and are probably a single unbroken far 
mation, representing the sediments of an ancient inland sea, which ex 
tended from the ninety eighth meridian westward to the Sierras wrf 
from the northern United States nearly to Mexico. 

The beds of the flowing rivers arising in the escarpment of plains are 
in the Red Beds formation, to- wit : The Cimarron from near the one 
hundredth meridian to east of Guthrie. The Canadian from Camp 
Supply to the Santa Fe Railroad. The Red River from its head in 
Canon Blanco to Montague County, Texas. The Pease and Wichita 
from their head to mouth. The Brazos, from its head to Young Count). 
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Jolorado ;uh1 trihutaries iV(Hii source to near Balliufijer, RuiiueLs 
»ty ; the Pecos from the mountains to lioswell, N. Mex., and froni 
«r Peco8 city to beyond Castle Buttes. <• 

tbou^ulj these rivers flow tlirouj,^h and drain the Red Beds in time 
L>oil.s, not one of them has its permanent or sprini^ water supply 

them, all receiving their water either from the underground drai ri- 
ot' the IJano Estacadoor tlie mountains, but in flood times these 
iiuis are all characterized by their phenomenal vermilion-colored 
iiets, ordiijarily known as '* red rises," which How down in great 
line aftei^the sudden and excessive rainfalls, which come in June, 
r, iiud August, in the Hed Beds region. 

' the stream drains the Bed lieds oidy, as the Pease and Wichita, 
:>f its rises iire of this vermilion hue, owing to the excessive Bed 
i sediment which they contain. If it flows through a diversity of 
U>gic formations and finds its way into the humid region, like tlie 
Z08, Bed, and Colorado, then its flood will vary in color with the 
ralent color of the rock of the region upon which the rain hais 
1311. Thus, at Austin, on the Coloraclo, where these floods come often 
iiiies of local drought, the extent of the regiou aft'ected by rainfall 
always be told by the white and red rises — the former coming from 

limestone country, and the latter from the Concho Colorado red 
lis countrv. If there has been rain in both, the white flood precedes 
red, 

he lower beds from their coarser structure and excessive cross- 
ding i>reseut few conditions for the storage of water, and as a rule 
ngs are few and rare. In fact, I do not know a single spring coni- 
IVoui these beds of suflicient size to be valuable for extensive irriga 
I, though often they are large enough to supply domestic purposes 
iirface wells are obtained of large capacity, but as a rule are rather 
II and scant, except along the less arid eastern border of this out 

have as yet failed to observe a single flowing artesian well in the 
I F»ed area, and doubt if one can be obtained, although one has been 
orted near Seymour, Tex,, the w^ater being of small flow and highly 
iregnated. The pervious basal layers are too irregular and unreli- 
e to convey water to a great distance, and the ui>per or Triassic 
ision too impervious. Jn Texas and New Mexico the conditions of 
I and induration are inevitably against the topographic sloi»e, and 
ice unfavorable to artesian conditions, as seen in the sections and 
ires. 

:he springs in the valley of the Canadian at Tascosa, which rise ap- 
enllv fio"> ^^'*^ ^^****^ Beds, I am inclined to believe have their origin 
the neighboring Llano Estacado beds, which cap the adjacent mesa 

^n India" Territory and Oklaluima the inclination of the strata is dif 
cM»t and of a nature to warrant the conclusion that experiment in 

,se,egionsisjustitiable. 

The largest a»'*^^;"^^|/*jy«||^}\^^ non-flowing well observed in the Bed 
Mis was that of Col, L. C. Kddy, at his headqnarter's ranch, 25 miles 
St of 1^^*^*>> on the Pecos, New Mexico. Here in the center of a lar-c^ 
sin, which is apparently a lake in time of rainfall, a well has been 
ig to a short dei)th, and 3,(MK> cattle are daily watered by aid of -i 
iuiu which is of the chain-bucket type, and operated bv horse power 
mucrous other wells m the nrea of the He<l Beds lying in the Pecos' 
.twceii the escarpment of the lilaui* Estacado and tlie Cuadalupe dis' 
ict, have h;d ihe writer to iider that mm tlov\ing water will be found 
lite abundantly iu all of these lower areas. 
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Experimental wells have been bored in the Red Beds at Colorado 
City and at Abilene, the latter having desce4ided J, 000 feet at la4»t re 
ports, with no success. At the former place salt was struck at a depth 
of ?60 feet. All deep wells in the Red Beds strike salt. 
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WATER CONDITIONS OF THE LLANO ESTACADO. 

For that portion of the great plain proper lying south of the Ca- 
nadian River and east of the Pecos the term Llano BstAcado was ap- 
propriately applied by the early Spanish explorers. In surface fea 
tures the northwestern half of this plain is similar to the plains of Col- 
orado, Kansas, and northward, but differs from them in that, instead 
of extending to the Rocky Mountains on the west or imperceptibly 
grading into the level of the eastern areas, it is surrounded on every 
side, except a few miles at its southeast corner, by a more or less pre- 
cipitate escarpment of erosion resembling palisades, which completely 
insulate it from connection with other regions, except the Edwards 
Plateau, which is its southeastern continuation and genetically a por- 
tion of it. 

The vast surface of the Llano Estacado, at least 50,000 square miles, 
is practically smooth with the exception of an occasional depression, so 
much so as to resemble the level of the ocean at dead calm and on- 
broken by trees or bushes or deep drained channels, and carpeted with 
a rich growth of gramma grass. 

Within the past few years the new railroads of Texas and New Mex- 
ico have made tbccessible to the geologist this largest of all TexM 
plains, and perhaps areally the greatest continuous and least studied 
plateau of our country. (See PI. ii.) Geographically the ** Staked 
Plains"* of Texas and New Mexico include the quadrangular region 
south of the Ganadjan, east of the Pecos, and west of the onehuodred 
and first meriq^ii. The small amount of surface water, which is not 
imbibed by the 8pR^s found in a few widely-disiribnted ponds. Itfi 
eastern and northern-edges are incised by deep and vertical canons of 
streams which are cutting by backward or headwater erosion. Two 
streams flow around the plains. These are the Canadian and Peoos, 
both of which have cut urarly 1,000 feet below its level and neither 
receives any of its surface drainage. The rainfall, principally from 
June to September, is^estimated from 20 to 25 inches. 

* The Dame Staked Plains should be dropped from geographio nomeDolatare as tht 
de^riptivename for the great mesa to which it is applied. One popalar apology fot 
the nse of this term is that early travelers set up stakes to mark their roads over 
these— then considered — waterless wastes. Another is that the term aUadestothe 
etaff-like stems of the ynoea plant, which resemble stakes projecting above (be 
ground. Neither of these hypotheses, however, will stand the test of applicatiOD, 
for the traveler conld not possibly have secured on the absolntely treeless plaiDs 
timber wherewith to make his stakes, and the yncca does not grow n^a them. • 
Upon the other hand, a glanee at the Spanish dictionary will show that it vill be 
impossible to translate the word '* estacado" to mean a stake, bat upon the oon- 
trary it means exactly the opposite, a palisade or wall, which is a most appropriate 
descriptive term for the Llano £st>aoado, inasmuch as it alludes to the sharp decliv- 
ity or face of the escarpment which in many places marks the edge of these plsios. 
In view of these facts it is as erroneous to use the term Staked Plains for the Llftoo 
Estacado as to write the name UKau Frais, '' Li^w Freight," as it done upon mapi 
of Arkansas* 
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The surface of the plaiD is everywhere composed of the transported 
80<limentary soil described as the Staked Plain formation, which is 
from 10 to 30 feet deep. From its stracture and composition, it is evi- 
dent that it is either a deposit laid down in late miocene time. The 
formation and its resultant soil differs from all others in Texas, and 
iiotwithstandinfi^ the deficient rainfall the plains are covered with short, 
imtritious gramma grass. Although apparently level, this great plain 
inclines ranidly seaward, at the rate of 20 feet per mile, its western 
margin having an altitude of 6,000 feet, and its eastern only 2,500. 

Owing to the excessive porosity of the soil, the surface is void of 
deep-cut drainage channels, such as creeks, rivers^ and canons, although 
the Pecos and Canadian have cut completely across and through it, 
and many stream like the Bed. Brazos, and the Colorado, by head- 
water erosion, are rapidly incasing its eastern border, and will event- 
ually destroy it (See PI. n). 

The escarpment of the Llano Estacado is one of the most remarka- 
ble topographic features of our continent, presenting from almost every 
view the appearance of a precipitous wall, often visible fh)m 50 miles 
distant, escalloped or serrated by rain washes, like the bluffs of the 
Manvaise Terre or bad lands of the Northwest The western portion 
of this escarpment, extending from the Canadian, in New Mexico, to 
the Bio Grande, Texas, in a southeasterly direction subparallel to the 
Pecos Biver, is apparently unbroken by an interceding drainage. It 
extends east of Sumner, Boswell, and Eddy, and is the eastern limit 
of the drainage basin of the Pecos Biver, which stream, now 900 feet 
below its general level, has no doubt destroyed the former western ex- 
tent of the Llano Estacado and its contact with the mountains, from 
whirh it is now everywhere from 50 to 100 miles distant 

The northern escarpment forms the southern bluff of the valley of 
the Canadian Biver. This escarpment is the most precipitous of all 
and is exactly similar in general features to the opposing bluffs of the 
Corazou, mentioned in the chapter on the Bed Beds. 

The southern continuation of the Llano Estacado is the Edwards 
Plateau (previously described;, which is a part of the plain and a result 
of the same geologic causes, although different in underlying structure. 

As was remarked by Capt Mayne Beid in one of his early romances 
of the prairies, the Llano Estacado is simply a vast quadrangular mesa, 
which is elevated above all snrroun<ling regions. Its slope and precip- 
itate border can be likened to a book resting upon a fiat table. 

The geological structure of the Llano Estacado is as simple and uni- 
form as its topography, consisting of a surface or capsheet of unconsol- 
idated porous sediments, composed mostly of waterworn sands, pebble 
gravel, and silt, occurring ia horizontal layers and averaging 200 feet 
in tliiekness throughout its extent, as ascertained by numerous well 
borings and measurements of the escarpments. The greatest thickness 
of tbe formation is towards the eastern margin of the plain, gradually 
thinning westward. 

Tbe peculiar heterogeneous character of the unconsolidated formation 
has been well described by Prof. Bobert Hay, as grits, mortar beds, 
and marls. Certain layers are composed of hard siliceous gravel which 
are recognizable as the debris of well-known Bocky Mountain forma- 
tions. Others consist of coarse waterworn quartz sand, loosely ce- 
mented by a lime matrix, so that it is litiTally coarse mortar beds. The 
marl is usually pinkish or light chocolate brown, and when watered 
forms a rich agricultural soiL Another typical aspect is known to the 
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MeKioans as the "tierra blancaj^or white earth. This is foand bb 
strata of a white calcareoaa chalky earth possessing strong hydrauUc 
or setting powers, and usually the protecting or cap layers of the es- 
carpment. The tierra blanca is well shown, north of Tascosa, in the 
bluffs of the Canadian ; in the bluffs of the Palo Donro Caiion ; in the 
railway cuts of the Texas Pacific, west of Sweetwater, Nolan Oounty; 
and in the western escarpment along tiie Pecos Valley. 

This porous unconsolidated structure of the Llano, as will be shown 
later, has important bearing upon its water conditions. 

These sediments may have been the deposit of a vast lake which oc- 
cupied the region of the great plains in late Tertiary time, but I am 
inclined to believe them the marginal deposits of the Gulf of Mexico, 
although different in physical character fix)m other formations, discussed 
in this report, of marine origin and different conditions of oceanic sedi- 
mentation. 

This formation has be^i described minutely by Newberry, Hay, and 
Shumard. The descriptions by Prof. Newberry of the plains of western 
Kansas and No-Man's Land, although he was not aware of the similar 
structure of the Llano, are so applicable to the latter region, which is 
the same formation, that it is here given in his language. He says : * 

The detail of straoture of the Tertiary basin of the Arkansas will be, perha]>8, 
most readily aoderstood by a few extracts from my note?, made at Tarioos points 
along our journey, where tlie Tertiary strata are exposed. ''After leaving Pawnee 
Fork the road passes over the level bottom lands for several miles, • ♦ • when 
it rises out and crosses the table-land, which separates the valleys of Pawnee Fork 
and the Upi>er Arkansas. This table land is underlain by a white tnfaceoiis lime- 
stone, exposed in the bed of the Coon Creek, and still better at the point where tbe 
dry road comes down again to the Arkansas. It is also thrown outjn many dififereot 
places from the burrows of the prairie dogs. In lithological characters this rock 
is precisely like a portion of the strata of the bad lands of Nebraska, contains do 
foHsils, but a few pebbles of crystalline rock. At the Caches, 16 miles below the 
crossing of the Arkansas, the same stratum is seen overlain by some 30 feet of 
coarse, soft, light-brown conglomerate, much cross stratltied. The cement is coarw 
siliceous sand ; the pebbles, from the size of an egg downward, of granite traps, 
quartz, trachyte, jasper, quartzite, charb, etc., with a few of Carboniferous limestoue. 

**At the crossing of the Arkansas the following section is exposed : 1. Spongy 
tnfaceous limestone like that on dry road. 2. Coarse soft conglomerate, same as at 
Caches, 35 feec. 3. Tufaceous limestone, like No. 1, to base. The sand hills which 
border the Arkansas on the south side seem to have been derived from the decom- 
positions of the Tertiary conglomerate. 

** The same stratum forms the banks of the Cimarron, and has apparently given 
character to its sandy and sterile valley. The 'Jomado,' the divide between the 
Arkansas and the Cimarron, is another portion of the high prairie, preoisely alike 
in typical and geological structure that crossed by the 'dry road.'" 

At Eighteen Mile Ridge, on the Cimarron, the coarse oongloroerate and chalky 
tufas are exposed, as at many points below. The conglomerate is' composed of a 
coarse sandy cement with pebbles from the size of shot to 8 inches in diameter. 
The larger ones are compact, fine grained, reddish yellow sandstone, doubtless of 
lower Cretaceous age, and such as comes to the surface further westward. Otben 
are composed of granite, am^'gdaloid, clay slate quartz, jasper, etc. The greater sizeof 
the pebbles in the conglomerate indicates that, in going westward, wo are approach- 
ing the source from which tbey were derived. The conglomerate wonld stem to be a 
drift from the Rooky Mountains, where and where only, as far as I am aware, such 
materials occur in place. 

Along the canons of the head of Bed River, at the northeast corner 
of the Llano, the deep incisions have been made, revealing escarp- 
ments excelled in beauty by only those of the Grand Oanon of the Col- 
orado, which they much resemble in color and stratigraphy. Several 

* Report of the exploring expedition from Santa Fe, New Mexico, to the junction 
of the Grand an<l Green rivern of the Colorado of the Wett, in 1S59, under command 
of Capt. J. N. Macomb, Corps of Topographical Engineers, with geological report by 
Prof. J. S. Newberry, 1878, geologist of expedition, pp. 24 and 2^. 
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sections have been pnblisbed of these and beautiful illustrations given 
in Capt. Marcy's lleport on the Exploration of Red River of Louis- 
iana, and by Dr. G. O. Shuraard, and later by Jiev. W. P. Cummins, 
in general these sections show the following succession : 

Feet 

'Loose Burfaoe soil, sandy red , 8 to 30 

White oalcareoiia '^ pan " or tierra blaqco.. . 2 

Sands usually slightly compact : 2 to 10 

White pan« otteii siliceous ami honeycombed. 2 to 5 

Impure calcareous sauds and clay 30 to 40 

Tierra bhirtco 2 to 10 

Loose rounded sands, mortar beds 20 

tOreeniah white clays 30 

Upper Red Beds. Red vermilioa olays forming lower cliffs of cafiou, 

and showiogau exposure of 150 to 200 



1. ^ 



The Llano Rstaoado 
beds prevalent color : 
Light chalky, show-^ 
iDg uccaaional faint 
tints of yellow and 
pink. ^ 



This surfaoe formation of the Llano extends southward of the Texas 
Piicifie-onto the Edwards Plateau an indefinite distance. It reaches' 
the Rio Grande, in Val Verde County, north of Del Rio; and I am in- 
clined to believe that it once covered the whole of the Edwards Plateau 
and havS since been eroded. There are features in the coastward regions 
of Texas, in the Rio Grande embayment, closely related, which I have 
described as the Washington prairies. 

The floor of the Llano Estacado, or that portion underlying the above- 
described cap formation and outcropping as ther basal portions of its 
escarpment, is of entirely different material, and since it is of great 
importance to the water question it must be described. 

Its relation to the Llano formation can be conceived, however, by 
considering the preseut diversity of formations outcropping, t. e., con- 
stituting the earth's surface, sands, clays, granites, etc., and Imagining 
a great subsidence which would reduce these to a f^ommon base level 
and spread over the diverse rocks a sheet of sediment like that of the 
Llano. It was *ipon such n surface as the present that the cap sheet 
of Llano sediments was laid down, irhich, although concealed as by a 
veil, let us examine for a moment in order to understand its relation to 
water. (See profiles on PI. n.) 

Toward the north this floor was eroded down to the Trinity sands 
previous to the deposition of the Llano beds, and even these are 
worn down to the Red Beds for the greater portion of the foundation 
occurring under the western and southern margins. 

These Trinity sands, partially constituting the floor of the plains, 
can be seen in the escarpment east of Eddy, New Mexico, at Head- 
quarters ranch ; the limestone and clay beds of the Comanche series 
are absent. Most of the sand hills of Texas and New Mexico, which 
cover hundreds of square miles at the foot of the western escarpment 
of the plains, I consider to be the remnant of this formation. 

Along the western escarpment of the plains and in many of the 
buttes and mesas of the Canadian valleys the same Trinity sands out- 
crop again. There is littfe evidence of their presence along the entire 
northeast quarter, as shown in the caQons of the Red and Canadian 
rivers, the plains formation resting directly upon the Re 1 Beds. Wher- 
ever this sand occurs immediately beneath the plains formation with- 
oat the intervention of impervious beds, water will be found in great 
quantities. At the northwest corner, however, between the Trinity 
beds and the Staked Plains bads is a great sheet of Dakota sandstone 
and Denisou beds, as seen in Tucumcarri mesa, a remnant of the Llano 
Estacado. 
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Sonth of^the thirty-second parallel this floor is composed of the rocks 
of the Ooroaache series from the Trinity sands to the Caprina lime- 
Htono, the latter formation con^titntin^ by far the greatest area and 
extending ov^er thousands of square miles in the counties of Midland, 
Ector, Tom Green, Goke, Qlasscock, Orane, Upton^ Irion, Menard, 
Cjrickett, Sutton, Kimble, Kdwards, Val Verde, Kinney, Pecos. 

The erosion of the limestones of the Oomanche series from tbe whole 
rep^ion approximately north of the Texas Pacific Railway and west of 
one bunilredth meridian preceiling and closing the Great Llano epoch 
is beyond conception, and we must leave to the purely scientific tfeatise 
the discussion of the facts. 

The entirely diftereut characteristics of the Llano formation, snch as 
cx)lor, composition, and vegetation, render it readily distinguishable 
from the nnderlying door, as seen in the numerous contacts all around 
tlie escarpments and in the deeply incised canons of Bed and Golorado 
. rivers along the eastern margin. 
' As vast as the area of this great mesa now is, it is only a remnant of 
its former extent, so great and rapid is the process of atmospheric land 
stripping in the West. There can be no doubt that it continued north- 
waril across the valley of the Ganadian and other stream as a part of 
the Tertiary plains of Kansas. 

To the eastward its borders extend to the ninety-ninth meridian, hav- 
ing since receded, as it is now receding, by headwater erosion of the 
streams to its present outline. To the south these plains extend into 
Mexico and Texasi .To the west there is no doubt that these plains ex- 
tended to Raton Mesa and around the southern end of the Rocky 
Mountains, south of Santa Fe, on to New Mexico and Arizona. Frag- 
ments of it still remain and the Pecos Valley escarpment is traveling 
e;ist at a wonderful rate. 

Neither can there be any doubt but that the Llano Estacado forma- 
tions covered the great Edwards Plateau, stretching sou theacst ward 
nearly to San Antonio and Del Rio, now a barren limestone floor, and 
much of it has since been eroded. 

The water of the Llano Estacado. — This vast mesa, with a few excep- 
tions, is singularly void of surface water. It is true that after seasons 
of rainfall there are occasional ponds or lakes of water in the depres- 
sions, but some of these have been known to evaporate during the oon- 
tinuance of a south wind tor a day or two. Running Water, in Dickens 
Gouuty, is the only stream on the Llano Estacado, and thi^ really 
belongs to the marginal rivers of its eastern edge. It has been de- 
scribed by Mr. Roessler as ^^ a bright sparkling stream that suddenly 
breaks out of the ground, ripples over pebbly bottoms for a distance of 
10 miles, and then my teriously disappears like many other streams west 
of the Pecos River, notably Leon Wells, Gomauche Springs, Escondida, 
Limpia, and Toysh Greek, or the underground river near Castle Moun- 
tain in Grane County.'' 

Why this absence of running water over 50,000 square miles of area 
which posesses a fair rainfall and presents every favorable topographic 
condition for them f The only answer is that the capping strata of tbe 
Llano Estacado are as porous as a sponge, and that every drop of rain- 
fall is either evaporated or taken in and percolates downward until it 
reachcH an impervious stratum. That such is the fact has been borne 
out by a thousand experiments in the Llano and by the study of its 
scarp and canons. 

Although considered until the last fifteen years an utterly waterless 
plain — the largest in America— it is a remarkable fact that over 1|000 
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wells have been dag into this sheet of strata and water obtained — not 
of flowing water, it is true, but water which is easily pumped by aid of 
windmills and which make possible die pasturage of thousands of cat- 
tle. These wells have been obtained throughout the whole extent of 
the vast mesa, and with such success that failure is seldom experienced. 
Mr. Roessler's statistics show the wonderful distribution of these wells 
ill the counties of the plains in Texas and eastern New Mexico, and 
tliere are hundreds more. A study of the drill holes shows that this 
supply of water comes from the Llano formation in the northern part of 
the plains, and that it is hopeless to bore into the impervious Bed Beds 
that underlie them, which serve a most valuable function in prevent- 
ing the farther downward percolation of the water. In the beautiful 
Blanco and Palo Donro cnfions, and all around the northeastern es- 
carpments, the spring line can be seen, whore this water of the plain 
iH oozing out at the contact of the Llano formation and the Red Beds* 
This water is an underground product of the Llano, and from its 
seepage the supply of the lied, the Oolorado, Pease, Wishita, and 
Brazos is obtained. 

This water is stored in the mortar beds and grits of the Llano Bsta- 
cado formation and is the most remarkable sheet of undarground water 
in our land. Not only is it seen in the heads of the Texas stream, but 
it follows the escarpment of this mesa up the Canadian 200 miles and 
around Its northwestern point in New Mexico; and thence down the 
Pecos escarpment again to the Texas line ; and you will see many streams 
and springs flowing out at the line of contact between the Llano forma: 
tion and the underlying Red Beds. Of such a nature are the Truxillo, 
the Tncumcarri, the Pajarito, the Portilio, the Alameqnada creeks and 
the springs of the-Gonejo, Mescalero^Gintrez, and others in eastern New 
Mexico. 

In the southern and southeastern portion of the Llano the well water 
and springs are obtained from the Trinity sands which at Marienfleld 
and Big Springs are intercolateil between the Llano formation and the 
Ked Beds. (See sec. 3, PI. ii.) To reach this sand a slight remnant 
of the Comanche Peak and Gryphaea beds are first penetrated. 

Can artesian water be obtained on the I^lano ? That the underground 
sheet water of the Llano beds can be struck throughout the extent of 
the mesa has been everywhere demonstrated. But it is also apparent 
that since this water occurs in the surface formation — the Llano beds — 
there can be no hydrostatic pressure to force a surface flow. But there 
are other strata underlying portions of the Llano, beneath the Llano 
water sheet, and to these we have cause to look with much hope that 
they may present favorable artesian conditions. To understand them, 
however, it is well, to carry in mind the discussion of the under- 
lying floor of the plain and to possess an idea of the sequence and 
water conditions of the Neozoic strata upon which the Llano beds are 
dei>06ited. These foundation beds are as follows : 

i 7. Upper sands Pervions, good. 

3. Colorado Beds. . . < 6. Colorado clays aod lime Impervious, bad. 

( 5. Dakota sands Pervious, good. 

i 4. Denison sands Pervious, good. 

2. Comanche Beds..< 3. Chalk limestone Impervious, bad. 

f 2. Trinity sands , Pervious, good. 

1. The Red Beds ^ I. Sands and clays. 

' Now, wherever the Llano Bstac^o formations rests on the impervi- 
ouH Med Beds or Colorado clays, the downwanl percolation of water 
will be stopped by these formations and they will form a bottom against 
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which the water wiU rest and which will confine the water of the lower 
ImmIs, but if Nos. 1, 2, 3, 4, 5, and 7 should anderlie the Llano formation, 
then water would be percolated downward through them until Bom© 
other iini>ervious layer is reached. 

As I have shown, it is only the northeastern half of the plain in 
which the Llano beds rest directly npon the nonwater-beariug Red Beds, 
and that the northwestern and southern portions are based upon the 
various beds of the Trinity, Comanche, and Dakota, which, outeroppiug 
along the western border, incline eastwanl beneath the plain, and may 
serve a^ artesian water bearing be^s. This relation of the floor to the 
plain is shown in the accompanying figures. 

FurtheruMire, it has been observed that the water in the Llano forma- 
tion iloes not rise under pressure in the well tube, bat according to Roess- 
ler "nearly all the wells dug or bored through the Comanche limestone 
into the Trinity sands around the southern edge show a tendency to 
rise above the point where water was first reached. In some localities' 
a rise o^ 20 to 30 feet was observed, showing that the snpply is nnder 
considerable pressure." 

Without committing myself to prophecy, it is my opinion that when 
the portion of the Llano along the Texas-New Mexican line is tboroaghly 
prospecte<l« somewhere in that region will be fonnd an abundMit arte- 
sian su)>ply from the underlying Dakota and Trinity sands which out- 
crop so abundantly at a higher altitude in the northwest escarpment. 



vin. 



WATER CONDITIONS OF THE TRANS-PECOS, OR BASIN 

REGIONS. 

The portion of Texas and New Mexico west of the Pecos is a part of 
the vast region of North America which is known in Mexico as the 
High Plateau or Table Land, and in the United States between the Rocky 
Mountains and the Sierras as the Great Basin regions. It is character- 
ized by the occurrence of disconnected mountain blocks, usually trend- 
ing northward, separated by wide flats or plains, most of which in com- 
panvtively recent geologic time were occupied by vast inland lakes, 
several of which still exist, as the Great Salt Lake of Utah. 

The mountains and basin plains of this region are popularly confused 
with the great Rocky Mountain system and the plains of the' Llano Bs- 
tacado and Raton Plateau types. This confusion is a serious error, how- 
ever, for the great Rocky Mountain mass abruptly terminates south of 
Santa Fe, and is succeeded by the isolated and disconnected masses 
described in our chapter on the water conditionsof the mountains, while 
the basin plains, instead of consisting of the coastward inclined strati- 
fication of the Llano Estacado, are fresh- water sediments deposited in 
the intramont^ne valleys. 

This bavsin region was well defined by Major W. H. Emory, U. 8. A., 
in his report upon the United States Mexiean boundary in 1850, as fol- 
lows: 

Between the two great chains, which I have attempted to describe, occupying the 
westtTn portion of the continent, there are oilier chains of mountains, so unmerona 
thai if I.H impossilde to describe them by words; some are continuous, some are Ae- 
taclii d ridges, otiiers istdated peaks, rising from the plateau almost with the nnifonn- 
ity and symmetrical proportions of artiticial structures. Between them are found 
basins which have no outlets to the occau, but are the receptacles of the drainage of 



Digitized by 



Google 



THE BAfTTN ARKAS OF THE ARID REGIONS. 



139 



RiiTTonnding waterslu'ds. Of tlies<\tlip most Pixt<»nHivo Is the Great Salt Lake in 
.\\ Territory, and the most remark ablf^ for its hist-orical aftaociations aud present 
^ortanue is the predciit valley of th« City of Mexico. 

L^Vu^ne siiccL*HHioii8 of banius form a proiiiini nt feature iu the geo^rapliy of North 
Africa, extend iujj two-thirds its length aud quit-e ono-third its breadth. They l»e- 
ag; to what has been appro|>riately desiguated as the Basiu system of North Amer- 
a. 

ThoBo fonnd near the bonudary are Sauta Maria, Guzman, and ,Ja(]ii»— all to the 
>tit\\ uf tho iMnuidaiy and within the limits of Mexico. The tirst i» t'***{ by the waters 
C tUo river Santa Maria, which runs in a northern direction, and Guzman by the 
ivcr li' urmg th«^ Reveral names of f'asnn Granib's, San Miguel, and JanoSf t!ie gen- 
Titl eonrse of which is aUo from the: south to the north; and the waters of Lake 
«ii'/.man iiiu\ Lake Santa Maria are f>aid to unite in seafiorm of unusual freshets. 

The wat4^r.s of the Kin Mimbres, near the same meridian as Lake Guzman, which 
^ake their rim* near Iht* Santa Rita del Cobri% run towards that lake, but they disap- 
le-Mr iu the plain to the north of the boundary before reaching it. 

The waters of these lakes, or itiland seas, are l>rackish at all times, but in seasons 
»f ilrought, which last two-tliirds of the year, they become salt and wholly unpal- 
Ltu.bU). Their shores are covered with lacustrine deposits, aud are usually unsuited 
.o «:uUi nation. 

AmoTifr the most conspicuona of the basins are the lakes Ltihoiitaii 
iiiil Honiieville, in Utah and Nevada, Death's Valley in Arizona, the 
Mono basins of eastern Oalifornia, the Orpin II neco Valley, and the 
Jornado del Mnerto in New Mexico; the valley of the Ssdt Lakes, the 
liia^de Fhits, and the Toyah-Pecos basin in Texas, and the basin of 
Pr<^sidio del Norte, the plains of (jhihnahna, the Bolson de Mapiini ; the 
plains of Lago Aqua Verde, Baroteran, Barreal del Jnneo, Valle Huu- 
Llido, Vallc Labago Cayotte, and nunierons others of Mexico. 

It shonld be borne in mind that these basin plains cover extensive 
an*as, and occupy much of the region, the mountains being almost 
Kecondary to them in extent and areal importance. 

The basin plains are vast areas of apparently level lands lying be- 
tween the mountains, consiHting of loose unconsolidated sediment de- 
jived from the mountains, sands, clays, pebbles, find bowlders, some- 
times cemented by white chalky elH orescent earths, which are appar- 
ently chemical precii)iUites. The surfaces instead of being level are 
really slightly depressed toward the center. The soil and vegetal prod- 
ucts are peculiar. The former is often covered with alkaline incrusta- 
tions, but is usually of exceedingly great fertility when irrigated. It 
supports a flora of stunted shrubs and grasses, such as mesquite, 
greasewood, artemesia, and cactibs, entirely <lifferent from that of the 
adjacent foothills and mountains. Along the margins of these plains 
are great dei)osits of bowlders brought down from the mountains by 
the freshets, an<l covered with the peculiar yucca, sotol, istle, and other 
,til)rou8 plants. 

The basiu valleys are usually void of surface streams, and the few 
water courses in the region are either slovenly flows that have no out- 
let, bntdisai»pear by imbibition and evaporation in their lower courses, 
or, like the Kio Grande and Colorado of the West, derive their waters 
from the mountains and merely Jlow through the basin region but do 
not originate in it. 

Were it not for the mountains there would be no streams upon the 
basin plains, for all the water is derived from the precipitation upon the 
former, and is quickly drank in by the porous soil of the hvtter, thus 
constituting that class of streams known as "lost rivers." 

Tlie Kio (jrande is by origin a Rocky Mountain stream, which orig- 
inally emptied into one of the now vanished lakes, and after leaving the 
mountains and plateaus south of Albuquerque flows in the beds of 
these ancient basins, for nearly 3(K) miles, to the Quitman Mountain 
group of Texas, through which, iu late geologic time, it has cut an out- 
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let to the Gulf. Tbe " passes » of the llio Grande at Selden and EI 
Paso are cnt through the barriers between the former chains of lakes, 
now represented by the Jornado del Muerto plain, the Mesilla VaU^, 
and the OrganHneco Valley respectively. 

The Organ-Hueco Basin. — One of the most extensive and characte^ 
istic of these great inner mountain basins of the Tertiary sediment is 
that lying between the Organ-Franklin and Hneco-Sacramento ranges, 
ill extreme western Texa6 and southern New Mexico* 

This is a vast expanse of apparently "dead level '^ plain eltending 
from the Eio Grande between El Paso and Port Hancock, northward 
some 150 miles. It is 90 miles in width at its southern end, narrowing 
to less than 40 at its northern. The Rio Grande cats through its sonth- 
em end, exposing a grand section of the structure from El Paso on its 
western side to Fabyan Station on the eastern. This stream has grooved 
a channel from 200 feet in depth eatst of El Paso to 500 ^t near Fort 
Hnncock. The basin, although apparently level, slopes southward, ac- 
cording to the White Oaks Railroad profile, from 4,500 at its northern 
end to 3,500 feet at its sohthem end. 

On all sides this flat or basin (locally called "mesa" at El Paso) is 
surrounded by high mountain blocks, including the Juarez and Mexi- 
can mountains on the south, the Franklin Organ and San Andreas 
blocks on the west, and the Sierra Blanca, Hueco^ and Sacramento 
ranges on the e«ast; all composed of hard impervious metamorphosed 
limestones, quartzites, granites, and lavas. 

The basin proper is unmarked by a single drainagi^arroyo or channel 
except the Eio Grande and its laterals. The soil is a pink-gray sandy 
loam resembling that of the Llano Estacado, and is the residuum 
of the substructure of stratified, alternating, or unconsolidated sands 
(grits), clays, and water-worn gravel, often cemented by the white 
chalky looking material known in the region as tierra blanca, or white 
earth. 

This substructure of this basin formation is beautifully shown in the 
river escarpments or mesa east of El Paso, where the typical tierra 
blanca can be seen capping the scarp, and in the bluffs along the rail- 
road between Etholen and Fort Hancock, where the soft disintegrating 
e^scarpment has every aspect of the typical bad land formations of Da- 
kota. 

The beds, like those of the Llano Et>tacado, are chiefiy marked by 
their excessive lack of unconsolidation, the sands, clays, and gravel be- 
infiT almost as loose as when first deposited. White chalky lime strata 
resembling the Cretaceous beds are numerous, but upon examination 
they are always found to be conglomerates composed of debris of the 
jeso and chalk beds, red beds, and cretaceous, mixed with the moun- 
tain rock debris. 

These beds are clearly laid down in the mountain through or valley 
by lake sedimentation, and stream deltas are of newer and later age 
and never enter into the mountain structure, but are deposited uncon- 
formably, like a matrix, upon and around them, having a floor of im- 
pervious mountain rock (see plate 1, fig. 6). The thickness of the sedi- 
ments would be difficult to estimate, but it varies from zero at the 
mountain edge to at least 1,500 feet in thickness in its southern center. 

The northern end of this valley or basin presents several pecuHar 
phenomena; the principal of which are the celebrated white sands. 
These are composed of rounded grains of gypsum instead of silica, 
and throughout their extent water is easily secured by digging a few 
feet. 
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The extreme northern end of the valley has been covered by a gftot 
flow of lava (or nmlimiB) which it is alleged flowed down the valley some 
30 miles from^ the craters of township 10, range 10, first standard par- 
allel. This flat of valley has not upon its surface a single running 
stream or even drainage basin, and its surface is the most complete 
picture of aridity imaginable; yet, beneath it lies an illustration of one 
of the most important water principles in the west. 

Franklin basin is surrounded by many terrace benches. These are 
of two kinds : Remnants of ancient shore lines and delta deposits of 
debris brought down by floods from the mountains. The terraces are 
especially well shown in the pass of the Bio Grande at El Paso, where 
on flie western side, seven or eight tiers of them above the river levels 
can be traced. From the mountains which surround it on all sides consid- 
erable water is conducted to the margin of this basin plain, but it sinks 
almost immediately into its porous soils, percolating downward until re- 
sisted by the floor of impervious mountain rock which underlies it. At 
the northern end many of these mountain streams are perennial, and are 
good illustrations of the lost rivers of the west. The Bio Tnlarosa and 
the Tres Kios flow great volumes of water during the winter and au- 
tumnal seasons (precipitation upon these mountains being far greater, 
perha})s three- fold, than upon the plains), the latter being estimated at 
8 annual inches. Immediately upon leaving the imi)ervious mountain 
rock and- upon reaching these plains these streams completely disap- 
pear, a phenomenon which can not but impress the observer with aston- 
ishment. They do not evaporate, as has been alleged, nor do they sink 
into caverns, as most people think, but they are imbibed, literally drunk 
up by the soft sponge-like formation of the plain, and are stored below 
the line of saturation. The shedding of its rain waters by the imper- 
vious mountain rock and its imbibition by the spongy plains rock is the 
key to the whole water question in the arid region. 

The occurrence of the great amount of underground water in the 
Franklin-Hueco basin formation, at 200 feet beneath the surface, has 
suggested to many minds the possibility that beneath this there are 
other porous strata containing water, which sufficient hydrostatic pres- 
sure would force to the surface in the lower (Bio Grande) end of the 
valley. The structure of the ancient lake sediments is composed of 
alternate pervious and impervious layers of sand and clay beds, and 
th«*8e must have been more or less nested, one within another, in conform- 
ation with the topography of the ancient lake bottom, as shown in PI. i, 
Fig. 6, affording g(X}d containing conditions for artesian water. 

The great elevation of the northern end of the valley (where most of 
the water is received) above the lower is also favorable for artesian con- 
dttions, and finally, the fact that nearly all the artesian water in the 
arid region has been secured under identically siftiilar conditions for 
■ similar basins, proves that the conditions for artesian water are at least 
worthy of thorough experimentation. 

Wherever upon this apparently sterile plain an experiment has been 
made, abundant water has been secured at depths below 232 feet, and 
windmills pump it for irrigation. The record of these wells demon- 
strates the storage of much water below the line of evaporation in the 
deeper strata of the old lake sediments of the mesa. 

The following record has been kindly furnished me by B. D. Bussell, 
of £1 Paso: 
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Log of welh on Lanoria mesa. 





No.2.a 


NaS.fr 


Na4.o 


N&5.<f 


No.6.e 


Ko.7./ 


Clay .„ 


F4et. 
85 
81 

10 
28 
35 
15 

ao 

12 
28 
25 
15 
U 


Feet 
10 
80 
15 
40 

• 10 
25 
8 
25 
15 
80 
20 
8 
6 
20 


Fe€L 

8 
f45 
10 
20 
15 
25 
20 
15 
30 
10 
22 
75 
10 
40 

4 
•0 
10 
60 
86 
85 
16 
35 

1 


20 
18 
80 
15 
45 
10 
30 
20 
85 


Feet 
12 
15 
60 
25 
85 
14 
32 
17 


Art 

10 


Sun'i 


28 
16 


(Jliiy 


Sand 


30 
22 


Qlny ..1 ...^..-. 


Sand 


40 

27 


Clay -..--• «... 


Hand .' • 


86 


Clay ., 


18 


>;aiid 


13 


Clay 




Sand 








Clay - — -. 








Sund ^ 










Clay 










Sand and tfravel 












Clat " 8tin " 












BaiMl 












Clay — - 












(jHnd i- 












Clay - • 












Sand 












^nd nick..-..-.--..---.-..-..-......--.---.-..---.- 


























254 


262 


^ 


282 


210 


240 



♦ Gravel. 

a At 230 feet struck water. 

«>Waierat.25Cfeet. 

e Uravel, Hint water at 220 feel ; second water at 630 feet, rising to 65 feet of sar£M>e. 

d Water at 212 fiet. 

e Wat4»r at 103 feet. 

/ Water nt 227 fiM»t. ' 

Location T. and P. nnrvey».— No. 2, eec I, T. 2, R 81 ; No. 3. see. 10, T. 2, B. 81 ; No. 4, sec 1, T. 2, B. 81 ; 
No. 5, »©c. 10, T. 2, B. 81 ; No. 6, sec. 10, T. 2. B. 81 ; No. 7. sec 38, T. I, B. 81. 

In wi'U No. 4, after piorcin^; sand in 28 feet of water, the same 'sank to original lereL Water in all 
wells rises from 15 to 20 feet after being struck. 

g Or fii'avoi. 

The success of these wells, together with their inexhaustible supply 
of wat^r, demonstrates the fact that the capacity o^ the Franklin-Hueco 
basin formation for water is very great, notwithstanding the slight rain^ 
fall and excessive evaporation which has driven the line of visible 
moisture nearly 150 feet below the surface. 

Relatively speaking this basin is one of the great water-bearing areas 
of the West, wl;i.ere, if irrigation can be profitably conducted by pump- 
ing, an agricultural community will eventually thrive. Already several 
large fruit farms are being irrigated on this basin by means of pumped 
water, and if they prove profitable there is no reason to suppose but 
that much of this country, apparently a hopeless desert, will be made 
into a fertile region. 

The Mesilla Basin — West of the Organ Franklin Range, there is 
anotlier extensive basin, which is occupied by the valley of the Rio 
Grande, and extends from near Old Fort Selden to near Frontera, 4 
miles west of El Paso. On the west this basin is bounded by the Organ 
Mountains and other small mountain blocks running north towards the 
Fort Selden eruptives. 

In the basin are situated the towns of Mesilla and Las Oruces, two 
of the most flourishing places in southern New Mexico, and extensive 
agriculture is carried on by irrigation from the Rio Grande. 

TIk; formation of this basin is the same as that of the Hueco- Franklin 
basin, and at times no doubt its lakes were continuous with its waters. 
The river which is in the consolidated mountain rock at Fort Selden, 
has cut deep into this plain, and much of its waters are imbib^ by tiie 
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I>orou8 formation until it again enters the monntaiu rock some 100 miles 
Mow at. El i'aso. 

Tbe surfcioe character and water experiments eondacted in this basin 
have been ably described in the report of the Senate Oommittee by citi- 
zens, as foflows: 

From tbe lower eud of the Jornada at Fort Seldeii tbe Rio Grande again broadens 
oat into a beautiful valley. It h a basin in shape. Both to tbe east and west are the 
iBonntsinn, which close in at Fort Selden on the north, and at El Puso on the south. 
The length is about 40 miles. The Orean Mountains, 12 miles from the river, from 
the eastern rim of tbe basin. It would require a further exaaunation to show if the 
other conditions of an artesian basin are present. 

No deep welU have been attempted. The deepest reported is 65 feet, but from these 
Wells of mmlenite depth water rises nearly to tne surfaoo. The following letter from 
Mr. John De Meir, a citizen of Las Graces, shows the experience at that point. 

*' I am convinced that our valley is one immense artesian bolt, and will cite a few 
cases to confirm it. 

" The deepest drive well here is 65 feet, at Col. Albert Fountain's. The water stands 
at 4 feet of the surface. Mlij. Llewellyns well, 700 feet distant and south of Fount- 
ain's, is driven 45 feet; water stands at 4 feet. One mile south of his well, MoClnre 
Brotheni drove down 65 feet ; water stood at 4 feet. They broke their pipe and could 
drive no further. An open well up on the foothills, upper part of town, sunk to a 
depth of 45 feet, and the bottom being about 12 feet below the valley land, gave a 
poor supply of water. Mr. Ackenback, the owner, drove a pipe 16 feet in tbe bottom 
and it rises in the well and yields all the water they desire. So far the strata here is 
the same as in California. In driving wells every few feet they strike a hardpan that 
makes it blow, hard work until it is penetrated, and when passed through it will drive 
easily till next hardpan is struck. These stratas are from 2 to 4 feet thick, and in 
siuking open wells it is necessary to use explosives. I have been hammering at the 
people for the past year to raise funds and give it a trial, and while all are of tne same 
opinion as I am, it is slow work to get them to move in the matter. On the east sid^ 
are surrounded by a high mountain range 2,500 feet higher than the valley, while on 
the west we have a high mesa and mountains. At Fort Selden the mountains meet 
and forin a narrow pass worn through the rock, and at £1 Paso they meet again and 
form another pass, so that we are truly a basin with a rock pass above and l^low as. 
I send a diagram, which may give a better idea of onr situation.'' 

Mr. De Mier, of Las Cruces, says : ''About 28 miles above here, in upper end of this 
valley or above it proper, springs crop out at river bank aud keep tne lagoons full 
when Rio Grande is dry. Am informed same feature prevails this side of £1 Paso, 
Tex., at lower end of the valley. There are immense bodies of water flowing from 
hidden veins in the Organ Mountains 12 miles east of this point; one in particular is 
over 50,000 gallons an hour. At the Memphis mine that amount was pumped day and 
ni^ht for over a year. It came in at about 130 feet in the shaft, and only part of it en- 
tered the shaft. Mine hns been closed down for past six years on account of water. 
T'-'^re are a number of springs on both sides of the range, mostly on west side, drain- 
ing iiito this Mesilla Valley. 

The St rncture of this valley is afso favorable for the imbibition of all 
the water that falls npon it, or that flows down the adjacent mountain 
sides, while the presence of the running water of the Bio Grande 
throughout its length has obviated the immediate necessity of experi- 
ments, like those at La Noria which resulted in the discovery of the 
Franklin-Hueco water bed. There can be little doubt then from the data 
obtained bnt that ^11 water can be obtained anywhere throughout this 
basin. 

Covering the artesian possibilities of this region, it can only be said 
that it presents the same features as the Hueco-Franklin basin, to wit : 
A sharp topographic slope from the north end, where most of the water 
is received, to the south, and a general similarity in structure to the 
conditions of the similar basins of the San Luis and other places. 

It may also bo added that, extending southward from the Donna 
ADa to tbe Florida mountains, there are extensive dikes or walls of 
igneous matter which are apt to have a negative effect npon artesian 
principles in the western part of the valley. 

The Jonuulo del Muerto basin.^The western end of the Mesilla basin 
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or plain is terminated by a group of stratified and volcanic bills, wbi(^ 
extend westward from the Organs, via Dona Ana and Fort Seldeo, 
cutting off the Mesilla banin from that of the Jomado del ^erto. 
which begins north of this barrier and extends northward for a hundred 
miles. Til is is i>erhaps the most noted of the basin plains, having looj; 
been celebrated for its absolute lack of surface water, and lying di- 
rectly in the track of the ancient Santa Fe-El Paso trail. Its very name 
signifies the journey of death, and was given it owing to the great 
difficulty travelers found in crossing it. 

The Jornado occupies the country north of the Dona Ana hills 
from Eincon northward. On the east its limits are the San Andreas 
and Sierra Oscura, the northward continuation of the Organ range. 
On the west, by the Sierra de los Gaballos and Fra Cristobal, the 
southern* continuation of the Sandvia range. The Atchison, Toi)ckg 
and Santa Fe enters it at Socorro, northward, and continues upon it to 
Lava station. • 

This basin has been described by Dr. G. 6. Shumard * as follows: 

It lies east of the Rio Grande and may be described in general terms as a gentif 
sloping nlain, somewhat eUiptical in form and inclosed on both sides by lofty moan- 
tains. This plain extends from near the southern extremity of the Dona Ana 
mountains, northwest, for the distance of 80 or 90 miles, and Taries from 12 to 40 miles 
in width. Near the southern extremity it is partly interrupted by the DoonaAoa 
mountains, and there its width does not exceed 12 miles; bnt as we travel north it 
rapidly widens, attaining its greatest transverse diameter at the distance of 20 or 25 
miles; it then gradually dimiuishes nutil we arrive at the northwestern extremity, 
where it does not exceed 18 or 20 miles in width. Throughout the entire length it it 
marked by a distinct central depression, which, as wiU beseen hereafter, oorrasponds 
pretty accurately with the synclinal axes of the underlying strata. 

Wherever examined, the surface formation was found to consist of detritus of 
rocks debris, in all respects the same as those composing the neighboring mountains 
from wjiich it was doubtless mainly derived. The precise thickness of this deposit 
could not be very accurately determined, as only a few natural sections were ob- 
served, and these only near the base of the mountains. In two localities its observed 
thickness was nearly 500 feet. 

The two ranges of mountains forming the eastern and western boundaries of the 
Jornado deMuerto curve gently in opposite directions and are remarkable for their 
close general resemblances and simplicity of structure. In each we find a gentle 
slope toward the plain and bold and nearly vertical precipices in the opposite direo- 
tions. Along their summits are exhibited the sharp and jagged edges of their up* 
lifted strata. 

The range of the east varies in width from 5 to 15 miles, and forms a nearly con. 
tinuous range extending north and south, the entire lensth of the Jornado, as v..tl 
be hereafter seen ; it is composed principally of upheaved strata of dark grsy, blaii, 
and black subcrystalline limestone, dipping west at various angles. Although these 
mountains have the same general direction, and are apparently continuous with the 
Organ range with which they have been heretofore classified, nevertheless their geo- 
era! conformation and structures are totally distinct. In no respect is there the 
slightest resi^mblance between them, one being composed almost entirely of sedi- 
mentary strata, and the other mainly of ernptive rocks. 

Upon the western sideof the "Jornado'' the mountains are interrupted at theirnorth- 
eru and southern extremities by broad valleys, the main portipn of the range being 
separated in the one direction from Fra Cristobal Mountain by an extensive volcauie 
district, and in the other from the Rolledo Mountain by the valley of the Rio Grande 
and a chain of igneous hills. Although in general appearance very closely reseai- 
bling the mountains, upon the opposite side of the plain the central portion of tiua 
plain is found to ditler somewhat from them in composition, the limestone being hen 
overlaid by grits, shales, and sandstones, which altogether present an average thick- 
ness of about 8C0 feet, and are uniformly found dipping towards the east. The 
length of this portion of the range is from 40 to 50 miles. 

* The geological structure of the ** Jornado del Mnerto," New Mexico^ beingan ab- 
stract from the geological report of the expedition under Capt. John Pope^ United 
States Topographic Engineers, for boring artesian wells along the line of the thirty- 
second parallel, by Dr. G. G. Shumard, M. D., geologist of the expediUon. (TraoB* 
actions of the Academy of Science, of St. Louis, Vol. i, 185^'GO, p. 341.) 
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G^ologieally speaking, the Jornado del Mnerto may be considered as nothing more 
than a single trough, composed mostly of limestones, sandstones, and shales, and ooy- 
ered to the depth of 500 or 600 feet with loose detritus. 

As this trough throughout the greater portion of its length appears to be entirely 
firee from igneous protrusions, I am of the opinion that an abundant supply of water 
can here always be obtained oy means of artesian wells. The depth to wnich borings 
would have to be carried for this purpose can not very readily be determined, as but 
few natural sections were exposed upon the plain, and these only extended through 
a portion of the detritus. But as the Cretaceous standstones overlying the shales of 
the Coal Measures, which would have to be first passed through, exhibit in the moun- 
tain^ upon the western side of the *' Jornado,'' an ayeraffe thickness of about 600 
feet, it is probable that water could not be obtained at a less distance ^beneath the 
surface than a thousand or fifteen hundred feet. 

As the "Jornado," besides its lateral slopes^ presents a general one from NNW. to 
SSE., the most favorable situation for the experiment would probably be alon^ the 
centra] depression, marking the synclinal axis of the strata, taking care to avoid on 
the one hand the igneous protrusions, of which the Donna Ana Monntainn form a 
portion, and on the other, the chain of volcanic hills near the northwestern extremity 
of the plain. 

This deeeription is in general correct, l)nt the writer is of the opinion 
that if artesian water is fonnd it will be in the detrital deposit of the 
basin, and not in the underlying floor of monntain rock, and at a mach 
less depth than that indicated by Dr. Shumard. 

Probable boHns of the Pecos VcUley. — ^The Bio Pecos, from the mouth 
of Delaware Greek to Pecos Oity, 50 miles, and from thence to an un- 
determined point some 50 miles below, flows in marls and clays of the 
typical basin character, which, together with the topographic confor- 
mation and well-boring records of the region, lead me to believe that 
this portion of the Pecos Valley is either another of the Quaternary 
basins or an allied estnarine formation. 

The main escarpment of the Llano Estacado is far east of Pecos Oity, 
and the river is iti a wide flat or basin some 30 miles wide, from 
Toy ah to Quito, which seems unlike a drainage flood plain. This flat is 
marked on the east by a high scarp line near Quito, 12 miles east of 
Pecos City, but inasmuch as the apparent shore-line formations were 
of the softer Bed Beds and plains formations, instead of the harder 
mountain rock, like that of theother basins, it is difficult to say after 
my brief studies whether or not it is a true shore line, although I am 
greatly inclined to think it is. The western shore of this apparent 
basin is the east of Toyah against the slope of the Davis Mountains. 

Both at Pecos Oity and at Toyah, numerous artesian wells have been 
fonnd in this alluvial deposit, be it of lake or river origin, which give 
weight to my hypothesis that these beds are the chief water-bearing 
strata of the west. These wells also occur under favorable topographic 
condttions, i. e., at a lower altitude than the shore line of the basin, and 
are a remarkable demonstration of the amount of water which under 
favorable conditions can be abstracted from such an arid region, situ- 
ated as they are^ in a district which one would, under the old mountain 
theory of water, consider most unpropitious. 
S. Ex. 41, pt 3 ^10 
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Mr. Boessler has reported (1890) the- foUowing wells firom the Feoos 

Valley: 

Flowing arte$ian welU at Peoo9 CUy, Steves Comity. 



OwDer or informant. 



Depth. 



Bore. 



Cost. 



Bemarks. 



J. B. Gibson 

W.S.MarshaU.. 



TexA6 Puoiftc Bailway^ 

C.H. Merriman 

W. I>. Johnson 

Do 

T.M.Clayton , 

H atlieaon. Cook & Walker 

Gage, Walthall & Powers 

PecoA Valley Land and Irrigation Com- 
pany. 

fiarcus, Phillips & Allen 

JuHton Robertson 

A.T Wiudom 

W. D. Johnson and C. F. Thomason. . . 

County of Reeves 

Cbilton, Boweo.etai 



Fmt 
260 
315 

220 
185 
186 
185 
227 
218 
250 
287 

237 

shallower 

...do:.... 

235 

227 



TMk. 

4 
8 

4 

3 
8 
9 

8 
3 
8 
8 

8 
2 
2 
8 
8 
8 



1800 
500 



351 



9 gallons per minate^ 

00 gallons per minnte^ preMoreSO 

poanda. 
Water riaea 27 feet abore gnwad. 
00 gallons per mfnate. 

Do. 
Yery light flow. 



All these weDa are bored wffiiia a 

• dronmferenoe of 2 mOes, and sll 

of them hare a conttniioas flew. 



These wells are located on section 40^ H. & G. N. snrveys, and section 69, block 4, 
H. <& G. N. The water in all of them is slightly brackish, some being better than 
others ; in one or two some saline ingredients. The water, however, is not iqjorioos 
to vegetation, aud in a small way is used for irrigating gardens, thoogb moot of it is 
allowed to rnn ad Hbiium and make a mud pnddle of the vacant town lots. 

Flowing artesian tcelU at Toyahf Beeves Countjf, 



Owner or informant. 


Depth. 


Diame- 
ter. 


Coat 


Bemarka. 


Texas and Pacific RaUway .. 
Do 


Feet, 
834 
614 


Inchet. 


;••":! 


300 gallons per minnte, or 432,000 gallons per 

diem. 
About gallons per minnte. Kov bdag 

- bored down farther. 





•Top. 



t Bottom. 



The water from both of these wells is white snlphnr with a salty taste, and can be 
nsed to advantage for irrigation, as the water does not seem to be injurions. 

At Toy ah the water is funnd at 20 to 30 feet. Underneath this, at a depth of aboot 
200 feet, at Pocos, is artesian water under great pressure. Now at Toyah, altitade 
2,975, the same water is found at about the same depth and in about the same ma- 
terial, but it is devoid of pressure her<). At 832 feet a strong flow (300 gallons per 
minute) of sulphur water was obtained. (It is claimed that the snlphnr came ttom 
some higher point in the well and that the bottom water was pure, and tibat ihe 

freseut outflow is iropregnat<ed with sulphur only because the easing was defective.) 
t is probable that this same water will in all probability be found at Peooe at a simi* 
lar depth. Adding to the pressure existing at 200 feet, 300 gallons per minnte throogfa 
3-inch pipe, the weight of a column of 375 (the difference m altitude betwe^i Toyah 
and Pecos) it is easy to presume that at a depth of 1,000 feet artesian wells can be 
obtained which will flow from 1,000 to 2,000 gallons per minute. 

The wells of this subdistrict as a rule are very deep and the water in many of 
them is practically unfit for use. 

It is my opinion that these wells can be obtained over aboot 100 
sqnare miles of this region, from 50 miles north of Peoos Oity to50 
south, and will prove a great blessing to the region. 

It is interesting to note that laboring under the old theory of mono- 
tain origin of artesian water Capt. Pope and Dr. Shumard bored their 
unsuccessful experimental well just north of the Pecos Oity basin in tbe 
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hard rock, when if they had left the mountain rock oat of consideration 
and bored 20 miles southwest on the supposed an propitious plain 
they would have secured abundant water at shallow depths. 

The Eagle Flats Basin. — Another and extensive formation lies between 
the parallel mountain ranges of the Quitman-Muerto series (whicn is a 
oontinaation of the Hueco series) and the Diablo Davis series. This 
basin is of irregular area as shown upon the map, and has two princi- 
pal arms or members, the southwest of which is traversed throughout 
its greatest length by the Southern PaciHc Eailroad from the Sierra 
Blanco to Marfa, a distance of 100 miles, and is known as the Eagle 
Flats. This is a very narrow basin seldom exceeding 25 miles in width, 
and like the others is surrounded on all sides by mountain blocks, 
against which may be clearly discovered the terrace structure of the an- 
cient lake shores. The soil is the same pink tinted gravelly loam of the 
Franklin basin. 

This basin has never been explored for water where it could be most 
expected, i. e., in its lower and deepest end, but upon the contrary, the 
Southern Pacific has made several very costly experiments in drilling 
into the hopeless mountain rocks around its edges. It is my opinion 
that wells similar to those at La Noria on the Franklin basin will yet be 
obtained in the now desert Eagle Flats. 

From Sierra Blanco this basin sends another arm east and northward, 
ap to the east side of the Hueco series, and west of the Carrizo ana 
Diablo mountains toward the Wind mountains, for an unknown dis- 
tance ; the general outline, so far as I have been able to ascertain by 
inquiry and observation, being as laid down upon the map. In this 
portion of the basin there are several salt lakes of small area and extent. 
The Texas Pacific crosses this portion of the area to eastward of Van 
Horn, where it crosses out of it through a mountain gap. 

Valley of the Salt Lake Ba^sin. — Another vast basin extends along the 
meridian of lOiPj from the southern end of the Guadalupe, north of 
Wildhoyse station on the Texas Pacific. This basin is about 35 miles 
in extent northwest, southeast, and about half as wide, and is marked 
by numerous salt lakes. It is surrounded on the west by the mountain 
blocks of the Sierra Diablo, on the north by the Guadalupes ; and on 
the east and south by low unnamed mountain blocks. From descrip- 
tions this must be one of the most interesting of the great basins, but 
the writer has been unable as yet to visit it. A few wells are reported. 

Basin of the Mimbres. — West of the chain of mountain blocks, includ- 
ing the Florida's and Las Mimbres, the Black Range groups on the 
east, and the Sierra Bacco, Pyramid, Hatchet, Burro, and Black ranges 
in the west ; there is another vast basin into which drains the river 
known as the Mimbres and several other typical lost rivers, most of 
which come from the Mimbres and Black mountains. 

This basin with its southern extension — the Florida Plains— includes 
abont fifty townships or 9,000 square miles in the United States and at 
least as many more in Northern Mexico. 

Its surface and formation is composed of the same level topography 
and lacustral debris as the other basins mentioned, and like them it has 
a drainage slope southward. 

The Atchison, Topeka and Santa Fe, the Southern Pacific, and the 
Silver City and Pacific railroads, all traverse this valley and meet at 
Doming, which is situated near its eastern border. 

The northern end of this valley receives, relatively speaking, much 
moontain water from the Black and Mimbres ranges, and, like the 
Franklin Hueco basin^ is characterized by numerous lost rivers. One 
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of these, Las Mimbres, is the most conspicaoas of all the lost rivers of 
the West, and has been the canse of much specnlation and wonder. It 
is a bold flowing monntain stream nntil it gets well ont npon the plain, 
when it completely disappears by imbibition and evaporation. 

Much of this water, as in the other basins, becomes stored in the 
sponge-like strata of the old lake formation, and is readily accessible in 
many places, especially at Doming, where irrigation is produced from 
this so-called " underflow." 

According to the testimony of Mr. Warren Bristol, this connty (re- 
port of special committee, United States Senate on Irrigation and 
Beclamation of Arid Lands, Vol. 3, p. 61) formerly appeared before the 
discovery of this underground water as a barren plain; a desert with 
nothing but sparse grama grass growing upon it. 

Afc tbat time there was no water on this table-land, except ocoasionally, when the 
water came down by flood. No watur was known to exist there, bat there is a region 
of country front 25 to 50 miles long, north and south, that we know of (and how mach 
farther it exists we do not koow) where if you dig down anywhere yon will strike 
water aboat 50 feet in inexhanstible quantities. To illustrate : At my place I have » 
powerful windDiill, an 18 inch wheel (HoUadays). Each revolution of that throws 
out 100 gallons of water ; you can rnn it up to 160 revolutions per minute. There 
are only 2i feet of water in that well, and that quantity can not be lowered with 
pump. It Js so all over the plain. 

Doming was a very nnpromibing place ; now it has a great many windmiUs, and is 
a pretty place. The change really seems like a miracle. The Southern Paciiic RaiK 
road Company was the first to discover this water beneath the surface. Since then 
it has improved ; the whole plain I have described is covered with cattle ranehes 
and the ground is all oceupied with pumping machines of this kind to water the cat- 
tle. A great deal of money is invested there. The whole plain is taken up. In ad- 
dition to that, the great waste of water that flows ont from the foothills onto the plains 
could now be collected in immense reservoirs and distributed over the plains for ag- 
ricultural purposes. The opportunities for that are verv great. 

I have lived in New Mexico for something over seventeen years, and I rctfard New 
Mexico as having one of the most healthful climates on the continent. Mjf experi- 
ence and observation convince me that the most salubrious region is not high up in 
the mountains, at an extreme altitude, nor down in the river bottoms, where there is 
more malaria, but ont on the plains. I consider this as ^ood a climate as can 
be found in the world. Wherever water can be had the soil is wonderfiil in its pro- 
ductiveness. It is rich in all the elements of firuitfulness. On the plains the great- 
est drawback at present, in my opinion, to successful cultivation is the strong 
spring winds, which prevail in every section where there is no wind-break. As soon 
as forestry is systematically cultivated here, and trees are planted so as to break the 
prevailing winds, it will be a wonderful country with water for produetivenesB. The 
al ti tude of Dem i ng is about 4 , 000 feet. It is on the first plain of what we call the Mesa 
Valley of the Rio Grande. It commences onthe high blufifs of tbe Bio Grande, and is a 
lovely plain all the way on into Arizona. 

In addition to the basins mentioned there are numerous others which 
it has been impossible to investigate, but which lie mostly beyond the 
territory of these investigations. Among these are several of minor 
importance, in the socal]^ phenomena of Texas, west of Texas Pacific 
Bailway^ several in sonth western New Mexico, such as the Playas de 
los Pina, Yalle de los Playas, and others, and several in the mountains 
of north central New Mexico. 

The water oondition8 of the basins in general, — ^These vast inter-moun- 
tain, plains, or basins, or ancient lake valleys have, until lately, been 
absolutely void of surface water, and so synonymous with sterility th»t 
they have been considered often the synonym of death, like Death's 
Valley in California or the Jornado del Muerto of Ne w*Mexico. That they 
should now be found to be underlain in much of their area by an abun- 
dance of ftesh water, is a fact which is of greatest value in the economic 
conditions of the arid region, where water is worth more than land, 
and where a drop to even quench the traveler's thirst is usually unob- 
tainable, except in rare localities. The far greater extent of tiiese 
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basins tbau the moantains over New Mexico, Texas, and Mexico, seems 
to have been overlooked or considered unimportant by national sur- 
vejs^^as wellas its nndergronnd water conditions. 

As a rale these basins^aresarrounded on all sides by blocks, or ranges 
of high moantains, the blocks asoaUy anoonnected and through the 
pasMB of which many of these lakes may have been once continaous 
in some period of their existence, bat were not so daring the latter 
days. These mountain blocks are more extensive at the northern border 
of the basin region, and the precipitation is greater upon them as a 
role than upon the intervening plains. 

Taking the basins as a whole, I think that from a stady of their to- 
pographic and geologic features, a few generalizations can be ded acted 
which wiU beof inestimable value to the future investigators of nnder- 
gronnd water supply of the region. 

These lakes belong to a great area of similar features which exist 
over northern Mexico and the Southwestern United States during com- 
paratively recent geologic time. This area composed much of Galifornia, 
Utah, Nevada, Arizona, New Mexico, and Texas west of the Pecos, and 
the Nevada Utah portion has been accurately and minutely described 
by Gilbert, Duttou, and Bussell in the monog^raphs of the U. S. 
Geological Survey, as the basin region of the United States. These 
basins, as is testified by all who have visited them, are often dry while 
freqaent storms and cloudbursts can be seen upon a^acent moun- 
tains. 

These basins, at least in New Mexico, Arizona, and western Texas, 
although originally horizontal, have all been elevated to the northward, 
so that old lake bot^ms now incline southward, or southeastward at a 
considerable gradient. 

In composition they consist of exactly the same material as the moun- 
tains, but under difi'erent physical conditions. In the mountains this 
rock is massive, imporous, and impervious. It was ground up, pulver- 
ized, and assorted by- the waters biafore its deposition in the lake basin. 
This difference in physical condition is radical, and in the consideration 
of underground waters it is all important. A cubic foot of massive 
glass would contain little rock water, even if soaked for days, and the 
mountains are composed of just such material. The same glass if ground 
to small grains would become porous and absorb into the interstices 
between them from one-tenth to one-half their volume. The mountain 
roe¥ was ground before it was distributed over the valleys, and hence, 
although the same materials as the mountain rock, it has become porous, 
and, as these old lake sediments, will imbibe and retain the water a hun- 
dred fold. 

The water falls mostly upon the mountain. Some of it is imbibed by 
the small patches of soil and porous layers or penetrates the fissures 
and caverns to be more slowly returned to the surface in after times. 
A good amount is also evaporated by the wind and the intensely heated 
rock. Most of the rainfall, however, flows off in the floods down ra- 
vines and canons towards the base level, which is the surface of the 
basin plain. Upon reaching this, part of the stream is imbibed or 
drank in by the porous cavernous sands and loosely cemented soil, and 
a great deal of it sinks beneath the line of saturation, between which 
and the hard rock floor, upon which the basin formation is deposited, 
water is stored as shown in the previous figures. 

This water of the basins is always available by bored wells, but it 
may or may not possess artesian pressure, according to its stratification 
and topography. 
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If the basin formatiODS are composed of alternations or bands of sand 
and clays, in other words stratified (and most of them are), and these 
water strata have inclination, which they usually do, in ooncaveor Syn- 
clinal nested arrangement, then the stratigrapbic conditions for arte- 
sian water are mostly ratified, as at Toyah, Pecos Oity, and elsewhere. 
If this stratification is more or less concave or nested, and there is a 
corresponding topographic inclination from the edges towards the cen- 
ter of the basin, or a slope from one end of the basin to the other, topo- 
graphic conditions for artesian water will also be favorable, and ex- 
periments should be tried near the central portion of that end of the 
basin which is lowest in altitude, provided there are no unfavorable 
conditions, such as dikes or fissures. 

The writer is inclined to the belief that in all of these flats or basins 
water can be obtained in quantities that will at least do for stock pur- 
poses and possibly for limited agricultural use. Everywhere that wells 
have been sunk (save in the exceptional places such as at the imme- 
diate edge or at the higher ends, as at Sierra Blanco) water has been 
obtained, and at La Noria, 10 miles northeast of £1 Paso, there are 
several fruit farms in the midst of the plain being irrigated by water 
pumped from wells in the basin formation at depths of 200 feet I have 
been informed that waters rose 150 feet under hydrostatic ]>ressure 
above the bottom of a 600-foot well a^ this place, thus indicating pos- 
sible artesian pressure at lower altitudes. 

In endeavoring to obtain water upon these basins, several important 
things are to be avoided. 

1. Boring too near the edge or perimeter of the basin. Inasmuch as 
the soil is usually dry for a distance of 50 to 200 feet ; and that the 
floor of the basin formation is composed of impervious mountain rock, 
the edges of the basin are not apt to be in the saturated portion of the 
basin formation at all ; but the unpropitious formation of the mountain 
rock will be reached. 

2. Boring near the upper or higher end of the basin. Most of the 
basins are higher at one end than at the other, often by a thousand feet 
or more. This is a product of the elevation they have undergone since 
their beginning. It is obvious that the surface water would drain down- 
ward and towwi the lower portion of the basin, and that the upper end 
would usually be unsaturated. Many thousands of dollars have been 
lost by railway companies and individuals by boring for water too near 
the edge or upper end of these basins and many regions erroneously ad- 
judged void of water on account of such failures. 

3. Boring through the basin formation into the mountain rock floor. 
It has been the experience of most dAll holes that it is useless to expect 
water in the hard rock floor underlying the basin formations, and when 
this is reached, except when there are very favorable conditions of po* 
rosity and inclination, further boring is useless. 

The quantity of available water of saturation varies in different basins, 
and is proportional to the area and rainfall of the surrounding moun- 
tains. The San Luis Valley of northern New Mexico is surrounded by 
high mountains of vast drainage area, larger than the area of the valley. 
These mountains are covered by snow in winter and have greater rain- 
fall than the mountains of the southward, and the amount of water 
drained onto and imbibed by the basin is enormous. The Sierra Blanco 
Basin, on the other hand, is encircled by comparatively low untimbered 
mountains, upon which there is little precipitation, and no great supply 
of water could be penetrated. 

It is not probable or possible that sufficient underground water is 



Digitized by 



Google 



Digitized by 



Google 




Digitized by 



Google 



ARE THERE ARTESIAN WATERS IN THESE BABINS. 151 

stored ill these basins for a large or extensive agricultural population, but 
when it is remembered that water for oveu the passing traveler is lack- 
ing, and thai many of those vast areas of laud are almost absolutely uu- 
inhabited for want of water, even a single well toeverj 20 square miles 
wonld be of more value to the region than a vast lake of water is now 
in the hamid regions ; and it is safe to predict that in a few years there 
will be hundreds of wells to one at present, around many of which will 
be not a few valuable irrigated farms. 

The possible success of artesian water in these basins is also sug- 
gested by the fact that numerous artesian wells have been struck in 
similar basin deposits in California, Colorado, and Utah, and asl have 
been informed in the basin valleys of Atacayma in Peru and the val- 
ley of Mexico. In fact no case of artesian water having been struck 
in the arid region from any other supply than these unconsolidated 
basin or allied deposits has ever been reported south of Dakota* and 
west of the Pecos. 

In fact the newer deposits, whether lacustral, littoral, or fluviatile, 
have ever proved the most profitable source of artesian water in this 
ooantry, even in the humid region, as ^ Memphis, where magnificent 
wells are. secured from the Orange sand and bluff deposits. A note- 
worthy fact also about many of these wells, as at Koswell, N. Mex., 
MemphiSi Pecos City, and elsewhere, is that they occur in regions 
which under the old theories of upturned mountain rock^ synclinal 
basins, etc, would have proven entirely unpropitious. 



rx. 

WATER CONDITIONS OF THE MOUNTAIN REGIONS. 

The vast area discussed in this paper is preeminently a region of 
plains, the mountain proper forming but a small proportion of the 
whole, and of much less consequence in relation to underground water 
supply than is popularly supposed. 

There are only two classes of mountains proper within the region, 
those o^ the Wichita and Arbuckle groups in central Indian Territory 
and the isolated basin ranges of the TransPecos region. 

In the popular classification every butte, mesa, hill, and escarpment is 
termed a mountain, but nowhere east of the Pecos, except in Indian 
Territory, is there a true mountain, or protuberance, which is the prod- 
uct of the folding or other distortion of the earth's strata. The so- 
called mountains of central Texas are buttes and mesas, composed of 
remnantal patches of horizontal strata, described in our chapters on 
the Grand Prairie and Central denuded region. The alleged moun- 
tains of Burnett and Llano counties are likewise mostly of this type 
and occupy an erosion valley in the plateau of the Grand Prairie. 

The true Rooky Mountains constitute the western limit of this inves- 
tigation, and it is a current supposition that they are the receiving area 
for all the underground water between them and the Gulf. 

Althouffh the most conspicuous feature in all North America, topo- 
graphicaUy, the southern extent and limitations of the Rocky Mountain 
ranges have been poorly defined. Their eastern border or foothills, 

* The Dakota artesian basin is in a semihnmid region, though it is probable that 
it will be extended westerly into the arid area. 
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where they join the plaiuB, north of Santa Fe, N. Mex., to the British 
line, is nnmistakably one of the sharpest and best known features of 
onr coantry, but no geographer has yet defined their termination south 
of Santa Fe, and the numerous but entirely different mountains of the 
basin regions of New Mexico, west Texas, and old Mexico are always 
confused with them. 

Prof. J. J. Stevenson, in his valuable report upon the geological ex- 
aminations in southern Colorado and northern New Mexico, during the 
years 1878-'79y has admirably described the Rocky Mountains near 
their southern terminus and shows their type of structure along their 
eastern front, from Gallinas to Pueblo, to consist of excessively folded 
and broken (faulted) strata, conforming to the popular description of 
having been " upturned." 

South of the latitude 25^ 2(V, he says : << The region is a vast plain 
cut into mesas, which Prof. Newberry identifies with the Llano Esta- 
cado or Staked Plains of Texas," but which in fact should be dassified 
with the plateau region to the west Towards the south and south-, 
east the dips of this plateau are very gentle, for the most part south- 
ward 'y towards the Bio Grande the plain is broken by the basins and 
<Mo8t ranges, "of which the Placer and Sandia mountains may be 
taken as types. These short isolated ridges lie west of the Santa Fe 
axis, and seem to bear no relation to that disturbance whatever. The 
Archaean area of the Santa Fe axis ends abruptly at about 9 miles 
north from Gallinas, and a fault is easily recognizable along its eastern 
side. 

South of the Plateau region which encircles the southern end of the 
Bockies, the country is that of the basin region elsewhere described, 
consisting of vast basin plains, surrounding isolated and lonely moun- 
tain blocks. The mountains are not part of the plains, as* in the Bocky 
Mountain and Plateau-regions, nor are the strata of the plains associ- 
ated with them or bent up at theJr edges as geologically and popularly 
supposed, but a newer and later deposit is laid down against them and 
is composed of debris of the mountains (see^Pl. i, Fig. 6). 

The foothills or hog-backs, consisting of vertical strata which accom- 
pany the whole front of the true Bockies, likewise end with them. 

Many of these mountain blocks have no names at all although large 
in size. The following, however, are the most conspicuous : 

In New Mexico: The Sandia, Organ, Uscura, Jiocaiillas, Florida, 
San Andreas, Guadalupe, and Sacramento. 

In Texas : The Franklin, Hueco, Guadalupes, Diablo, Davis, Van 
Horn, Carrizo, Los Ghisos, Sierra Blanca, Apaches, and Santiago. 

In northeastern Mexico : Juarez, Sierras Bica, Blanca, Frailes, Horni- 
gas, Ouervas, Pinto, De Aire, Del Carmen, Los Burros, Menchaca, 
Apaches, Picochos, Gomas San M^us, Azul, Lampasos, Trinch^^a, 
Fragna, Catorces, and many others. 

Nearly all of them consist of elongated masses, extending approxi- 
mately north and southward, and are mostly composed of hard, imper- 
vious quartzites, limestones, and igneous rocks, which have little ca- 
pacity for imbibition of rainfall, the latter usually flowing away rapidly 
upon the adjacent basin plains. 

The Guadalupe Mountains, which lu^ the most eastern of the groups, 
tae somewhat different and are composed mostly of hard Carboniferous 
limestone, the water conditions of which are discussed inanother chap- 
ter. 

This group corresponds more to the strike of the main Bocky Moun- 
Uin axis than any of the others, but they are entirely isdated from 
then*. 
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The great height and eonspicuoasness. of these mountains, and the 
excess of precipitation npon tbem, together with the old superstition 
that optnrned mountain strata are the source of all artesian waters, has 
led many people to believe that from them alone must be expected an 
artesian supply. Following this belief^ thoasands of dollars have been 
expended, especially by the Southern Pacific Railway Company, in drill- 
ing for water at the base of these mountains^ while the Government 
exporimouts'under Oapt. Pope were made upon the same hypothesis. 

A brief examination of the structure of nearly any of these mountain 
blocks should dispel the idea that they can ever be the source of great 
artesian supply. Not only are the rocks impervious to moisture, but 
the stratification is excessively inclined, and broken by the frequent 
dykes of eruptive material, which would prevent the transmission of 
water. With the exception of the cavernous limestone region of the 
Gaadalupes, there are few running springs in all the great territory 
covered by these streams. No better proof of the unfavorable artesian 
conditions. of these mountains can be given than to cite some of the 
namerons failures which have resulted. 

No idea can be more fallacious than the one generally entertained 
that the underground waters of the Texas-New Mexico region are in 
any manner supplied by the Kocky Mountains, for the geological struc- 
tare is such as to absolutely prevent such a possibility, for the great 
fault lines and valleys of erosion of the foothills break the continuity 
of stratification and make such underground transmission impossible. 
The only water from the Bocky Mountains that reaches the regions un- 
der discussion is the surface drainage of the Bio Grande, Pecos, and 
Canadian. 

The Mountain masses of the Basin range are equally unimportant 
relative to the water supply, although likewise erroneously considered 
as the source of much underground water. 

These isolated ranges, which succeed the Bocky Mountains toward 
the south, are numerous and of vast proportions, occupying the whole of 
the country of northern Mexico and the United States from the Pecos 
to the Sierras, and constituting with the intervening plains the great 
Basin region of North America, the isolation becoming more and more 
complete to the southward and the basins more extensive. These 
mountain blocks, with their accompanying basins and aridity, extend 
southeastward in Mexico almost to the Isthmus, the Bio Grande below 
the mouth of the Pecos approximately marking its eastern border. 

The first and most conspicuous of these were the Government experi- 
ments under Capt. Pope and Dr. G. G. Shumard, in 1868. They se- 
lected a site in the Pecos Valley, 8 and 14 miles east of the river, near 
the Texas New-Mexico line, beneath which they had determined the 
mountain rock of the Guadalupes to extend. After boring 850 feet, and 
reaching far down into the mountain limestones, the weUs were aban- 
doned as failures. 

The Southern and Texas Pacific railways had spent thousands of 
dollars in seeking water in the Trans-Pecos region, and in every in- 
stance where they penetrated the harder or mountain rock their ex- 
Jeriments have proved failures, as will be seen in the statistics from 
Ir. Boessler's report, and in no case were flowing wells obtained. 

THE RATON LAS VEQAS PLATEAU. 

The general conception of the Bocky Mountain region, based upon 
the familiar conditions seen at Denver, is that the plains formation 
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extends to the base of th^ mountains, and that its strata incline coast- 
ward or away from the moantains, affording ideal conditions for the 
transmission of Bocky Mountain water to. the whole of the coastward 
country. 

South of the Colorado line, however, in northeastom New Mexico and 
to some distance north of Trinidad, exactly the opposite condition exists, 
for around the southern end of the Bocky Mountain front there re- 
mains a great level or shoulder, known to the westward as the Plateau 
region of the United States, to which this Baton Las Yegas plateau is 
analogous, if not a part 

For the region in northern New Mexico, lying east of the true Bocky 
Mounti^ns and west of the Llano Estacado, approximately the region 
south of the Purgatoire and north of the Gallinas, I am oUiged to use 
the above name in distinction from the surrounding country. This dis- 
trict embraces the buttos and mesas known as the Baton Mountains, 
Fishers Peak, the Mesa deMaya, and many other remnants of the former 
table-land, which mark the whole region, and in addition the plains of 
erosion upon which they stand. The cities of Trinidad, Folsom, and Las 
Yegas may be considered as marks along the northern, eastern, and 
western boundaries, respectively, while Baton Springer, MaxwelL and 
other points along the Santa Fe road betweeu the Purgatoire at Trini- 
dad and the Pecos are located upon it. 

Its southern boundary is the superb Oorason escarpment of the Gim- 
adian Peoos YaUey (see chapter on Bed Beds), which runs eastward 
from the Pecos, at Pecos crossing to near the Texas line. This escarp- 
ment, as shown in the topographic maps, is over 1,800 feet in height 

The western border is the foothills, or ^^hog backs,^ of the eastern 
front of the Bockies. • The northern border from Trinidad to Folsom is 
the north escarpment of the so-called Baton Mesa, which is followed by 
the Denver and Fort Worth Bailway. The eastern border is less con- 
spicuous, for it is the base-leveled shore line of the Llano Estacado 
formation. 

This vast area stands out from the Bockies as a bench or shoulder 
above the level of the plains and surrounding erosion valley, extending 
some 200 miles to the east 

It is the remnant of a great plateau which existed around the south- 
ern end of the Bocky Mountains before the Llano Estacado (Miocene or 
Pliocene) epoch, the great mass of which has been degraded by the 
erosions of Tertiary and Quaternary time ; the shore line of the old 
coastal plain now represented in the Llano Estacado having benched 
its present bonndaries and removed much of its mass, which is de- 
pnosited in the Llano Estecado formation. The latter Quaternary ero- 
sion has still further degraded the plateau, and reduced its thickness 
and extent 

This region possesses a diversified surface aspect, consisting, however, 
of plains upon which stand great mesas of sedimentary rock sheets, 
often capped with lava, like Baton Mountain and Fishers Peak — ^rem- 
nants of the great erosion the region has undergone in Tertiary and 
Qaaternary time. As a whole, however, it is a series of plains produced 
by degradation from one harder plain of stratification to another, from 
the Fishers Peak basaltic sheet to the Laramie sandstones, and from 
these to the flaggy limestone layers of the Colorado shales, as at Springer 
and Las Yegas, and from there down to the basal Dakota sandstones, 
where the latter are cut through, as in the Canadian Cailon, at the 
Corazon escarpment, the Red Bed floor is always reached. 

The plateau or shoulder as a whole is a product, then, of the unequal 
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erosion of the snbhorizontal beds of the Upper Oretaeeous from Lara- 
mie to the Dakota sandstoDes down to the Bed Beds, iDclasive, which 
are bere inclnded between the- Bed Bed floor and the Fishers Peak ba- 
salt. This erosion from top to bottom, via the saceessive plains of strati- 
fication, fias partially removed more than 5,000 feet in thickness of sedi- 
mentary strata; and there is no evidence that the region has ever been 
submerged since Dretaceons time, either by the Llano Estacado shore 
line or the basins mentioned elsewhere. In fact it was the stream- 
worked land whose debris ftimished much of tiie sedimentation for the 
rocks of the* last-mentioned periods. 

Concerning ^this region Pro! Newberry has said : ^* The vicinity of 
Baton Mountain has, in former times, been the theater of violent and 
wide spread volcanic action. At that time nnmerons monntain masseB 
and subordinate buttes of traps were thrown up and floods of lava 
poured oat, covering an extensive area in their vicinity. During this 
period of violence the Cretaceous rocks were locally much disturbed and 
metamorphosed, and the lowest members of that series elevated to, and 
perhaps far above, the surface of the ocean. At some time subsequent 
to the i>eriod of greatest volcanic activity, and yet apparently before 
the fires in the great furnaces were entirely extinguished, the Tertiary 
strata began to be deposited in the depressions and over the irregulari- 
ties which then existed on the surface." 

The structure of this shoulder is also unique, in that its strata incline 
towards the Bocky Mountains axis, and not away from it or against its 
own topographic slope, as can be seen at Trinidad and Las Yegas. (See 
profile.) 

This structure, it will be seen, is inimical to favorable artesian condi- 
tions in most of the area, although the foundation of the whole region 
is the great water-bearing Dakota sandstones, and the testimony of 
the following drill holes b^rs out this proportion : At Trinidad an ex- 
perimental well has been sunk over 2,000 feet, without reaching the 
sandstone or having a perceptible rise of water. Near Las Vegas, on 
the southern side, a similar depth was reached but no flow. At 
Springer, however, a slight flow at shallow depths was met, which is 
entirely due to local variations. These shallow wells may be possible 
in other places. 

THE MALPAIS REGIONS OP NEW MEXICO. 

The occurrence of intrusions such as impervious igneous rocks as 
dikes, lava flows, cinder cones, volcanic necks, etc., are frequent in New 
Mexico, the former being especially numerous in the Baton Las Vegas 
Plateau and in the mountains of west Texas, and the latter along the 
great fault between Austin and Del Bio. It is generally conceded that 
dikes are more or less fatal to artesian conditions, breaking the con- 
tinuity of flow, and that craters' necks and other volcanic items are 
almost equally injurious to the prospects of water. By for the greater 
portion of the region east of the Pecos discussed in this paper, however, 
are free from them. (Figs. E and D, photos.) 

Besides the igneous rocks of the mountain proper, large areas of 
the plains and basins of New Mexico and Mexico, but not in Texas, are 
covered by volcanic flows of lava and basalt hundreds of square miles 
in extent In many cases these are accompanied by cinder cones or 
craters ; in others they are fissure extrusions, and in others the source 
of the lava flows have not been determined. 

Of these sheets there are two distinct types : First, those of more 
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recent age, which have neither been covered by fiubse/^nest fledimenta- 
tion nor seriously degraded by erosion ; secondly, more andent and par- 
tially covered or eroded l^va sheets of the plateaus. 

The oldest class of these sheets are extrusions from the monottin 
strata, the extension of which towards the plain has been entirely de- 
graded or which never reached them. In this 4>lder. class arealao txae 
lava sheets or flows, which have been so much destroyed by erosion or 
buried beneath later sedimentation that only fragments of the origiDal 
flows are now preserved or exposed. This class of eruptives oooor in 
the great cap rock of the Raton Plateau. 

The recent sheets are especially conspionous in the vicinity of many 
of the ancient lakes' basins previously described ; the proximity suggests 
that there is a dpse relation between them in age. 

The Katou Las Vegas Plateau was originally capped by a va«t sheet 
of basalt lava, which is still the determinative or initial point in the 
erosion plain of that vast region, but which has been mostly worn away. 
It still surmounts Fi9her8 Peak, south of Trinidad, and the gre^t Mesa 
de Maya, extending 50 miles east of there. It also caps the mesas and 
vast areas to the southward as far as Las Mora Greek. This midpais 
sheet or sheets must cover hundreds of square miles. 

At a lower altitude and apparently of later age, along the eastern bor- 
der of this ancient basaltic flow, at its contact with the Llano Estacado 
formation and in the vicinity of Folsom, there is a group of voUmnie cra- 
ters composed of cinder cones from 100 to 2,750 feet ia height above the 
plain, from which have been extruded vast sheets of lava and basalt, cov- 
ering the country for miles around and extending more or less irregularly 
from Folsom to Babbit Ear Mountains, near the Texas line, and north 
and south of the road about 50 nules, partially covering an area of 1,000 
square miles. The most conspicuous of these craters is Mount Gapulin 
6 miles south of Folsom station. This is a beautiful cinder cone, rising 
nearly 3,000 feet above the railroad, with a vast crater at its top nearly 
amile in diameter, slightly broken aown on its western side ; from the 
summit of this can be seen many lava flows. To the southward from 
6 tc( 20 miles are several similar craters, while to the northward are 
several smaller ones. 

These are the most eastern known of the western United States regioo, 
and their occurrence at the contact of the great Llano Estacado shore 
lines and the Baton Plateau are interesting faets. 

The cinder cones are clearly of a more recent origin than the adja- 
cent basaltic cap of the Baton Plateau, for tJiey are sitoated in an 
eroded valley, between the main mesa and an^outliert the Si^ra Grande, 
(alt. 10,000), and at a lower altitude tiian either ai them. They are alf o 
apparently more recent than the late Tertfajry deposits of the Llano 
Estacado, the original surface of the lava resting upon the latter, and 
not covered by it except in case of the wind-blown d^lms. 

These lava sheets are locally known as midpris. Most of these are 
vast areas of level rocky desert, absolutely void of economic value, ex- 
cept for grazing lands for sheep and goats, and sboidd be considered 
as absolutely irreclaimable. 

The Oimarron Biver, which rises in the vicinity of Folsom^ has its 
source in springs from the Laramie sandstone beneath the Uiq[>ttlin and 
Huerfano lava flows. 

The springs are as follows : South of town, one quarter mile nortii' 
east of the twin crater, there is a fine spring flowing from ikpipe. Be- 
low the hotel there is a large spring in the caHon. Three miles bdow 
the town the Oimarron falls over lava beds. Two hundred yards be* ' 
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lov thene falls is the largest spring iii all the valley^ flowing a cnrreiit 
6 f^ wide and IS feet deep. One thoasand acres are irrigated from this 
water, lit Oak Oafion, uorth side of the moantains, there is another 
kir^ garden irrigattkl i>y spring wator. Much of this water is derived 
fmok the snawfalL 

IjeaTtng the Oapalin crater, let as proceed soathward along the mar* 
gin of the great basins, and see other similar features. For 200 miles 
DO more of the^^e are enconntered until we reach the head of the Frank- 
lin Hneeo Basin, between the San Andreas and Gandnlupe Mountains, 
on the stage roiul from Sooorro to Fort Stanton. Here, again, there is a 
great area of malpais lava, which is a terror to the traveler and barrier 
to the development of the oonntry which it covers. 

Since this chapter was begnn Mr. Balph S. Tarr has published* such 
a good description of this region that I quote here. Ue says, in sub- 
stuice: 

TiHy miles east of Rio Oraade^ betfreen Carthage and .Fort StantoD, is a flow of 
1>nalt bearing every evidence of beiug very recent. Th^ p%»int of extrasion is a 
snail oone standing at the northern end. The flow is sitnated in a basin of interior 
dninaffe almost completely inclosed by moantains. The basin, which varies in width 
from 10 to 30 miles and has a north and soath ezteifsion of fnUy 100 miles, is bounded 
by the Jioarilla Moantains on the east, the Uneoo and £1 Paso on tbesonth, and the 
(Jrgana and San Andreas on the west. The area of flow exceeds 1,000 square miles. 
Da the foothills of the mountains are quite distinct benches, which, with other evi- 
deseo, prove this basin is the site of one of theQaatemary lakes, of which there are 
others in the vicinity. 

The loose gravels of the basin qnickly absorb all the moisture which falls upon the 
snr&ce, and the mountain torrents rarely escape far into the plain before being ab- 
sorbed. A few newer brooks enter from the White Mountains on the northeast side, 
and they also sink into the soil a lew miles from the outlet. 

The eievatlon at the northern end of this basin t is 6.360 fset, and at the southern 
4,100. 

The Dona Ana — Fort Sdden flow. — ^The northern end of the floor of 
the Mesilla Valley is covered by another lava flow, through which the 
railroad cuts at Fort Selden* Pidocho Peak and several others, some 
10 miles west of Measillat are voloanio cones. Of these Dr. O. G. Shu- 
mard says : - 

From the eharaoter and ^;eneral appearanoe of these oones and lava streams I am 
disposed to ascribe their oriffin, to a comparatively reoent geological perio<l. They 
form part of an ezieniiive voloanio chain, which may be traced north and south, for 
sevetal hundred miles. 

Gonttttuing southward ano&er region of craters, and flows occur 
south of the Southern Pacific, and west of El Paso about 30 miles. 
Here the conditions are similar to the others, the cones and lava flows 
being sitnated in the floor of the ancient basins. 

Ihe lava statian nkeet. — The northern end of the Jornado del Muerto 
Basin is also ooeupied by a great lava sheet 12 to 18 miles in area, or 
96 square miles.* This, too^is alleged to have come from a crater about 
10 miles east of the railroad, and bears the same intimate relations to 
the basin floor as the other crater flows mentioned. 

Another crater flow upon the floor of the basin is about 30 miles 
northwest of El Paso between Aften and Aden station, where there is 
an alleged cone of great magnitude, from which a narrow stream of 
lava flows southeastward about 20 miles. 

There are other areas in New Mexico of volcanic lava, notably that 
south of Grand station on the Atlantic and Pacific Railway. 

*k Recent Lava Flow in New Mexico, by Ralph S. Tarr, Am. Naturalist, 1H91. 
. tThis basin is the head of the £1 Paso or Franklin llneco basin described on a pre- 
Tionspage. 
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«-.i?3 m T' ^^'''*''' "'' *'■"*' ''''^•■' "'^^'^ or «fai«r8 have been de 
scribed although many igneous sheets occur in the monntains Prof 
VpQ Streeruwitz says in his report on this region that: 

in the Guadaloupe, Franklm and the mountain raugeg not yet examined ^ '*'"«»' 

The relation of the cinder cones and subrecent flows to those of uortli - 
w^tern New Mexico and Arizona, I can not state from persona obser- 

Proceeding southeastward into Mexico they still continue and in cases 
exhibit evidence of activity, increasing southward toward the ueck of 
Mexico, where the present epoch seems to be but a southern continua- 
tion of the volcanic and lacustral conditions, which so recently pre- 
vailed over the basin region. "^i-cnuy pre 

The fact that those cinder cones and lava flows occur in the floor of 
the Quaternary lake basins, or as in the case of Capulin area, upon t lie 
fee Llauo Estacado deposits, is indicative of their recent ori.^in an ? 
future investigations will show an intimate connection betweeiiUic drv- 
ing up of the basins, and the activity of these volcanoes, aUhoueh 
some of our ablest geologists do not believe in this relation. 

It IS also evident from the investigations that eruptive activities have 
occurred in the Texas, New Mexican region, from Cretaceous to pres 
ent time, and at least three well-defined epochs, are at present recoe- 
Dizable, which iiiay serve as an aid for future observations, to wit : 

I. The Austin Del Rio system of Shumard Knobs, ancient volcanic 
necks or laccolites bordering the Rio Grande embayment begun in Ore 
taceous time, and the lava sheets of which have been obliterated by ero- 

,. m '^3® *^yf^ ^^'''^ ?^ ^^^ ^^^^^ system, which are fissure eruptious 
of rertiary time, and which are only partially removed by erosion. 

d. The cinder cones and lava flows of the Capulin system, lace Pleis- 
tocene time, which still maintain their original shape and extent. 

Water condthons of the Malpais region.^lgneom rocks possess small 
capacity for imbibition and transmission of water except through means 
ot joints and Ussures between them and theseare very few. Even when 
cellular or scoriaceous there is usually no free connection between the 
cavities, and hence the honeycombed feature is of little value. In fact 
they are characteristic of aridity, and in themselves are of little value 
as water-bearing factors except where they may protect from evapora- 
tion some underlying saturated porous sheet, which condition exists in 
many places throughout the Raton Las Vegas Plateau and at FolsOm, 
Where the Malpais rests on porous sandstone from which occasional 
springs issue. In general they are not favorable to artesian develop. 
men (• 
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X. 

WATER CONDITIONS OF OKLAHOMA AND INDIAN TERRI- 
TORY. 

The Indian Territory, iDcluding.Oklaboraa, may be provisionally di- 
vided into three parallel east and west belt8,each containing a marked 
diversity of geologic stracture and corresponding to)>ographicexpress]on. 

The northern or Cherokee-Oklahoma belt inclades the coantry north 
of the Canadian ; the grater part is prairie with 8i>ots of timber, decreas- 
iDg in density toward the west. This l>elt may be subdivided into three 
districts : The eastern or Cherokee, the middle or Oklahoma, the western 
or Arapaho. The Cherokee division, with the exception of a small 
area of Ozark hills in the northeast corner, is mostly composed of car- 
boniferous rock#» with an undulating topography similar to that of 
Bontbeast Kansas, and lying wholly within the humid region. The 
Oklahoma section itf a typical Bed Bed region in its western half, with 
undulating prairies and soft disintegrating structure. It is well watered 
by streams, and surfoce wells. The Arapahoe division is the ragged 
eastern border of the great plains country, with its charateristic ^*e8h 
water deposits of sands and grits occupying the flat divides, as recently 
described in the adjacent west Kansas region by Prof. Bobert Hay.* 
And in the accompanying chapter on the Llano Estacado: 

Concerning the Indian Territory I have recently published the follow- 
ing description : f 

These plaine are the newest or oalmiaating formation in weetem Texas, Kansas, and 
Indian 1 erritory ; they are now slowly receding westward because of the head water 
erosion of the streams that indent this eastern border, and in this msnner the ander- 
lyin^ strnctnre and topography are revealed. The northern belt of Indian Territory 
distinctly belongs to the Kansas diyision of the United States. 

The middle or moantainous belt lies south of the Canadian Arkansas River. A nionn- 
tain system traverses it from east to west and marks the great barrier between the 
upper Mississippi YaUey and the Texas- Arkansas re^ons of the United States. 

The third and sonthern belt, the description of which mnst be left to a fa tare paper, 
iocludes the region between the monntainons belt and Red River. It is the northern 
termination of the Texas region of the United States. It includes many topographic 
mod geologic features which are the result of neozoic sedimentation against the 
Boatherm border of the monntains. 

THS MOUNTAIN REGION OF CENTRAL INDIAN TERRITORY. 

With the exception of the Ozark hills in the extreme northeastern comer, the 
monntains of Indian Territory are the direct westward continuation of the Oua- 
chita system of mountains which has been described t as the mountainous area 
between Hot Springs, Ark., and the Staked Plains of Texas, including the yarions 
points known as the Potean, ScTen Devils, San Bois, Shawnees, Jacks Fork, Black 
Fork, Winding Stoir, Sugar Loaf, $ CavenaJ, Stringtown Hills, Limestone Ridge, 
Potato Hills, Arbuckles, Wichitas, Navi^oes, and other mountains. These moun- 
tains are south of the Arkansas-Canadian drainage and must not be confused with 
the Ozarks of south western Miasonri. Dr. J.C. Branner*B coming report will doubt- 
less give us needed light on this relation. 

The mountain belt has three distinct subdivisions : (1) An eastem,or Arkansas; (2) 
a central, or Chickasaw : (3) a western or Wichita. Its areal extent may be compared 
to an arch whose apex is southward, as marked bv the course of the Canadian, Ar* 
kansas, and Red RiTcr drainage ; its eastern member in Arkansas and the Choctaw 
nation is a forest area of vertically folded Carboniferons shales and sandstones resem- 
bling the Appalachian country; the western member in the Chickasaw and Co* 

' See Bulletin 57, U. 8. Geological Survey. 

t See notes on a reconnoissance of the Onachita Mountains of Indian Territory. 
American Journal of Science, August, 1891. 

I Arkansas Qeological Survey, 1888, Vol. 2 : The Geology of Southwestern Arkan- 
sas, by Robert T. HilL 

f Near Fort Smith; not the Cretaceous bqtte of the same name east of Caddo. 
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manobe nations is a mostly treeless region, and oonsists of low folds of hard wbite 
and bine Silnrian limestones and eruptives; the keystone or central Chickasaw 
region oonsists of an area of granite ^nd Silurian limestones north of Tishomingo. 

The most marked feature of these monntains is the excessive compressed and 
vertical folding which the whole region has undergone, and the displacement of 
these folds b^ a lateral dislocation which has squeez^ them into S-shaped flex ares. 
So excessive is this folding that every stratum in the mountain region south of the 
coal fields can be said literally to be standing upon its edge as shown in the fignres. 
This system of folding is complicated and the writer has not had time for minnte 
study necessary to interpret it. In general, two great trends or strikes pre conspic- 
uous. The first and oldest is about 23 degrees south of west ; this is frequently dislo- 
cated by an apparently later movement resulting in northeast and southwest trends, 
all of which are accorapaoied by overlapping and lack of continuity. The direction 
of the folds has a marked effect on the political features of the region, all lines of 
transportation and public highways practically following the valleys of erosion In 
the trend of the folds. 

The coal fields, for which the name Fort Smith-McAllister area is most appropriate, 
are of great commercial importance, for they are the chief source of fuel supply for 
the A]£ansas-Texas area. These extend along the northern bordA of the monntains 
and are terminated on the southwest by the Silurian and granite field of the Tisho- 
mingo district, which are an apparent barrier between tms and the Texas-Ardmore 
coal field. 

The Arbuckle Monntains constitute a great and wonderful development of the Si- 
lnrian system, although this has not been hitherto appreciated, ana afford a superb 
example of folded structure. This folding is beantitnUy shown in the valley of the 
Washita, which has out a deep and tortuous water gap through these monntains, 
where, unobscnred by forest growth, fold after fold of tne stratified limestones and 
shales appear in startlint^ boldness. Several Journeys through this |;ap only in- 
creased tne appreciation of the greatness of the task of thoroughly delineating the 
section, the complexity of which may be inferred from the accompanying figures. 

West of Duncan the limestone hills are buried beneath the red beds for 20 miles, 
but again appear in the neighborhood of Fort Sill, forming a low ridge north of and 
parallel to the Wichita Mountains, as is explained later. 

Section aoro$€ Indian Territarjffromeouik to north ^long Atokison, Topeka and Santa F$ 
Bailway.— The accompanying north and sonth section and profile from Gainsville,Tex., 
to Guthrie, Okla.^ gives at least an idea of the sequence and foldings of the Arbnckle 
region. Proceeding southward along the line of the Atchison, Topeka and Santa Fe, 
the typical gypsiferous red beds of Texas, Kansas, Indian Territory, and New Mex- 
ico—the alleged Triassic — are see from Guthrie to Oklahoma City, lying in a dis- 
turbed but comparatively subhorizontal position, showing greater dips than the 
Cretaceous, but none of the complicated folding or the Pateozoic strata. South of 
the Canadian the Carboniferous clays and sandstones appear with the excessive dips 
of the Ouachita folds. At Buokhom Creek, east of Dougherty, the coal-bearing beds 
of the Carboniferous are seen dipping nortn at an angle of &SP and involved in the 
folds of the adjacent limestone nills. In this vicinity there are terranea at the base 
of the Carboniferous, the age of which I could not determine, especially a great thick- 
ness of soft sandstone, but the succeeding limestones are undoubtedly a part of the 
Silurian system. 

Proceeding southward from Dougherty to Berwin the limestones, shales, and sand- 
stones of the Preearboniferous succeed each other, but so complicated is tne vertical 
folding that the writer must confess his utter inability to determine th^r proper suc- 
cession, even after considerable study. These rocks occupy in cross section almost 
invariably a subperpendicnlar position for a distance of 12 miles. fYom north to 
sonth, however, the following distinct subdivisions are apparents. 

Continuing southward along our section the mountains cease coincident with the 
limestones, and after a mile of black shales (No. 7) the well defined Carboniferous sands 
and shales begin near Berwyn and continue for 29 miles along the railroad to the 
vicinity of Overbrook. These all occur in vertical folds, apparently coincident with 
or at least a part of the same system to which the Siluriau limestones belong, bat 
which, owing to their disintegrating character, have been leveled down to a low un- 
dulating plain. Ten miles south of Ardmore the Trinity sandsy the base of the Co- 
mauche scries, rest unconformably against the Carboniferous (the Red Beds being 
absent), and upon these in turn to the southward the subhorizontal beds of the Lower 
Cretaceous. 

A parallel north and south section 20 miles west of the Santa Fe road shows the 
presence of I be Red Beds and the absence of the Cretaceous, the latter having de- 
flected southward through Texas. 

It is not aloue in the mountains of the Paleozoic areas, however, that this remark- 
able vertical structure is seen, but much of the Carboniferous prairie regions east 
of the Red Beds nre based upon it. For 20 miles north from the Red Bird to the 
Arbuckle Mountains the undulating prairies, void of any high relief whatever, except 
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slight rises where the sandstones prevail, are hased upon the almost '^rtical Carbon- 
ilcToas shales and sands, as shown in our diagrams. 

Tim Wichita DiviHon, — The Arbuokle folds west of Dnncan are buried beneath the 
Bed Beds for some 30 miles, bat ootorop again some 8 miles north of Fort Sill, mark- 
ing tbe northern margin of the Wichita Mountains, forming a low foothill which is 
«Mnp»ratively inconspieaoos, owinj^ to the overshadowing height v^nd sharpness of 
the adjacent emptives of the Wichita Mountains proper. 

These monntains rise abruptly above the level of the Red Bed prairies, which sur- 
ronod them on every side, and their sharp, jagged outlines present striking and ex- 
quisite scenery. The ragged peaks of igneous rock present a strong contrast to the 
stratified ridges of the eastern and central divisions of the system. Although in 
Arkansas the Tatter have a similar elevation above the surrounding plain, they have 
not the rugged peaks and points of the Wiohitas, and are covered uy forests. Their 
aspect is Appalaohian ; the arid Wiohitas remind ns of the Rockies ; the eastern 
Ooachitas are the eroded remnants of stratified rocks with their characteristic topog- 
raphy ; the Wichita* consist of igneous rock8,hard, firm, ragged, and barren. 

These mountains extend westward from Fort Sill 120 miles to the one-hundredth 
meridian and were partially mapped out by Maroy and McClelland years ago,* and 
T. B. Comstook has recentlv made an interesting reconuoissance of them.t Tbe most 
prominent of the many peaks are Mount Scott and Mount Sheridan ; the former is2,004 
Fset above sea level, 1,200 feet above Fort Sill on the plain below, and 1,700 feet above 
Red River, 50 miles distant. Though neither high nor extensive, the Wichitas are 
models of topography and mountain structure. Mount Scott is a solid mass of red feld- 
spathic granite with little quartz, while neighboring mountains are composed of 
green stones, basalts, etc., indicating two widely different types of igneous rocks. 

The westward continuation of these mountains is buried beneath the Tertiary sedi- 
ments of the Staked Plains and with it the history of the relation of the Ouachita 
system to the Rocky Mountains. At one or two places in No Mans Land and north of 
Clarendon, Tex., I am told that erosion has cut down to the rocks of this mountain 
system, but I have not been able to find the localities. 

The composition of the Wichitas is unlike that of any mountain area of the south- 
west, and, so far as I could see, presents no structural resemblance either to the basin- 
surronnded mountains of the Trans-Pecos or the early Paleozoic bifttes and denuded 
folds of the central Texas region. Their age is not determined. They are certainly 
Post-Silurian and the Red Beds have in part participated in the movements, but the 
emptives may be Post-Cretaceous, or eveu later. The apparent absence of the 
Lower and Upper Cretaceous in the composition of the Wichitas is especially 
noticeable. Their trend and composition plainly place them in the Ouachita system. 

The country in general is well wateied with streams and springs, 
and nearly everywhere that experiments have been made surface 
wells have been obtained. I have beard of only one artesian well ex- 
periment, and this was at Fort Keno, but no results had been secured 
at the time of my visit, a year ago. 

Tbe topographic conditions favbrable for artesian possibilities are 
found in the high river divides forming tbe western end of tUe 
Ardmore-Wichita mountain system, which crosses tbe southern third of 
the Territory, and the high drainage divide of the Cimarron and South 
Canadian rivers, which is from 200 to 350 feet higher than those 
streams, and along the crest of which flows the North Canadian, which 
could be easily diverted down either slope for irrigating purposes. 

These two divides or ridges form elevated receiving areas, which, 
other conditions being favorable, would afford a bountiful artesian sup- 
ply in the lower valleys of the Cimarron, the South Canadian, the 
Washita, and Ked rivers. The stratigraphic conditions are more diffi- 
cult to determine, however, owing to the unconsolidated nature of the 
Btrata, but as far as ascertained they were favorable as seen in profile, 
north and south across the State. 

Except the Wichita-Arbuckle mountainous axis, forming the divide 
of the Ked and Washita drainage, the rocks are nearly all composed of 
Bands and clays of Red Beds. Whether they present a favorable alter- 

*8ee Exploration of Red River of Louisiana, Maroy. 

tSee First (Second) Annual Report of the Texas State Geological Survey, Austin, 
188i*. 

8. Ex, 41, pt. 3 11 
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Dation of porosity and imperviousDess for the transmiBSion of tiie 
surface rainfall beneath the valleys of the streams mentioned, however, 
can not be positively stated. 

Between the ninety-seventh and one hundredth meridians there are 
very favorable conditions for securing artesian water in these vsUleys, 
andHhe experiment should be tried at Guthrie, Kingfisher, Minco, 
Anardarbo and Henrietta, Texas, where there is a possibility of ob- 
taining artesian water from a purer source beneath the saline and 
gypsum beds, and where extensive irrigation could be conducted should 
water be obtained. 

The Valley of Upper Red Eiver. -^The valley of Red River north of 
Henrietta and perhaps a portion of the a<\jacent uplands in Clay, 
Wichita, Wilbarger, and Hardeman counties, which lie in a synclinial 
valley, are some 400 feet lower in altitude than the receiving strata of 
the sloping plains which begins at the Wichita Mountains to the 
north and some 200 feet lower than the axis of Carboniferous hills to 
south, present an interesting field for artesian investigation and pre- 
sent favorable conditions, provided the prevalent Red beds formation 
is sufficiently pervious for the transmission of water. 

The Dakota sands in Indian Territory.— ^o more ideal conditions for 
magnificent but a6 yet undeveloped artesian supply .could exist than 
those presented by the Dakota sands in the southern edge of Red River 
Valley in the Chickasaw Nation east of Washita River. 

The Dakota or Lower Cross Timber sands outcrop in the highest di- 
vide between Jbhe Be(Jt River and Washita, and incline at the rate of 100 
fe^t per mile towards Red River. . The sands occur as a narrow belt (3 
miles wide) of timbered laud beginning at the Washita River and run- 
ning due east to the Blue and from the Blue to the Boggy. This rib- 
bon is about 3 miles south of old Fort Washita and 30 miles north of 
Dauisou, from which city it can be seen as the highest visible land in 
Indian Tenitory. North of the sands is the narrow parallel strip of 
Washita prairie, (here known as the 7-mile prairie). South of the tim- 
ber is the sandy clay, dip plane prairie, underlaid by the Eagle Ford 
shales, known as the Carriage Point prairie. The inclination of the 
strata and topography here are such that in my mind, although a drill 
has never been sunk, abundant artesian water can be obtained from the 
Dakota sands in Red River Valley, anywhere due north of and opposite 
Grayson County, Tex., and south of the Territory Cross Timbers at a 
comparatively shallow depth and if driven deeper, a better supply from 
the Trinity (Paluxy) sands. 

A discussion of the limestone springs of theArbuckle Mountains will 
also be found in the chapter entitled Water Conditions of the Hard 
Limestone Regions. 

THE WATERS OF THE HARD LIMESTONE REGION. 

The underground streams of limestone regions often attain large 
proportions, and flow many thousand gallons of water, such as the 
streams of Nickajack and Mammoth Cave, Ky. 

But these streams are the collected underground drainage represent 
ing in their volume the water of immense area,* and if the reader will 
only consider the relative area occupied by stream waler to that occu- 
pied by rock, as shown in caverns, he will see that the chances of the 
artesian drill from above would be very small for striking this stream, 
and if struck that there is absolutely no pressure to cause it to rise. 

Perhaps the most remarkable and abundant supply of water in the 
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arid region, however, is that found in the eastern slope of the Gaad^- 
lape Mountains of sonthem New Mexico and the Davis Mountains 6t 
Texas, and which drains into the Pecos Biver, affording the chief 
water supply for the magnificent irrigation development of the Pecos 
Valley. 

This region has been little reconnoitered scientifically and £he out- 
lines of the mountain system not even delineated, and with the ex- 
ception of a valuable report by Dr. G. G. Shumard nothing has been 
published concerning it. 

The Guadalupe mountain area occupies about one thousand square 
miles in southern New Mexico and adjacent Texas, west of the Pecos 
and between the thirty- secotid and thirty-fourth degrees of latitude. 

It is made up mostly of hard blue soluble limestone of Permian and 
earlier Paleozoic rocks, accompanied by some eruptives and granites and 
sedimentary rocks of later age may be present. 

The limestones which compose its greater mass, however, are jointed, 
thinly stratified, and slightly inclined, affording every opportunity for 
Uk^ collection and transmission of the rainfall which the area receives. 
In additiou, the central peaks and axes are snow covered for a greater 
portion of the year. Overlying the limestone and at its contact with 
the Red beds which surround the base of the system, there is an im- 
jnense stratum of coarse loosely cemented conglomerate composed of 
the debris of the limestone which forms a magnificent medium for re- 
tarded transmission of water, ^iesujting from these conditions of 
structure are innumerable springs and streams of superb volume. The 
whole of the brief time allotted to study the vast region embraced 
within this import could have been profitably spent in the Guadalupe 
region alone, but only a short time was allowable for its study. In view 
of the conditions, however, the writer would advise artesian experimen- 
tation in the Tertiary formations surrounding the Guadalupes at lower 
altitudes than the mountain rocks located relative to it, such as Toyah, 
Pecos, and Koswell and where the water is apt to be stored by under- 
ground reception from contact with the underlying limestone. The vol- 
ame of these streams according to measurement of Col. Nettleton is 
inven in his report and they constitute the chief volume of the Pecos 
Klver, that stream not receiving hardly a drop of water between them 
and its mouth 400 miles distant. 

In addition to the streams there are numerous springs^ of great vol-' 
phie, which rise through the Bed beds and in the river, along the east- 
em margin of the mountain area, such as shown in the river near Eddy, 
-SMil at the Gbisholm ranch and other points near lloswell. 

Thid superb volume of underground water has created am impression 
that at most points in the Pecos Valley east of- these mountains arte- 
sian water can be obtained, but the writer must confess that the truth 
or falsity of this hypothesis can only be determined by further experi- 
mentation. That the later formations of the valley plains surrounding 
the mountains receive a gre.at deaf of this water which does not reach 
the surface by springs is very evident, and as seen in the wells at Ros- 
well, Toyah, and Pecos City, all of which are just without mountainous 
area, but not one o/ which has penetrated to the mountain rock or 
Bed beds. So far as I have been able to ascertain the Pope experi- 
mental well, sunk in 1858 about 8 miles east of the Pecos, reached the 
mountain structure and proved waterless, confirming the theoretical 
conclusions that massive limestones are not reliable artesian media. 

The disposition of the immense amount of water pouring down the 
cavernous limestones can not all be superficial, however, but much of 
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it must find its way into the overlyiug clays and gypsums of the Bed 
beds. The Pecos River flows near the contact of tiie newer formations 
and the monntaiu rocks of the Guadalupe (see map) where the river 
has cut down to the limestone, as at Eddy, N. Mex., the springs 
burst out of the limestone immediately at the river. Where the Bed 
beds overlying the limestone as between Seven Rivers and Roswell the 
springs appear as ^'Johnny holes," i. e., siuk holes which sometimea 
overflow in large streams, as at Chisholm ranche, or may merely fill the 
" crater," as they are called. 

Tliere can be no donbt that these lake springs have their source in 
the water of the underlying limestones which forces its way tip through 
the gypsum and produce sink holes just as they are produced in hs^ 
limestone regions. 

These ho'es are among the most interesting phenomena of New Mex- 
ico, occurring as they do in the midst of the Red bed prairies away 
from water courses and in the most unexpected places. 

They are often of great diameter and filled with beautiful water, often 
of a dark or greenish color and overflowing their lowest ejlge into a 
beautiful stream which runs off a few yards or miles to the Pecos 
River. Large farms are irrigated from these streams, for the par- 
ticulars of which the reader is referred to Col. Nettleton's report 
They occur only in the valley of the Pecos, in New Mexico and Texas. 
The principal ones are as follows, ^as given by Mr. Roessler : 

As iudicated on tbe blanka, I conid giv^e you no idea of number and extientof 
f»priD^s nor the flow of water from tbem lu tbe space there allotted. 

I will first mention artesian wells. Many have been contemplated. And but one 
has been attempted, and that of Mr. L. M. liUQg, work.on which has been suspended 
on account of accident to machinery. 

Take the rivers and springs in rotation as they are important in magnitude: 

IHq Pecoa. — As you know, this river traverses ranges 25 ^d 26 east, north, of the 
second correcticn line, and also south of that line for a distance of about 20 niiles, 
when the beud ruus into range 27 east occasionally, but the principal portion of tbe 
river is^mbraced in r.iugc 26, as far south as township 19 south, when it bears east 
and travi^rses wiuwes 26, 27, 28, and near line of Texas, 29 east. 

Rio //t»rfo.— This river is formed Ijy the confluence of Rio Bonoto and RfoRuidoso. 
in township tl south, range 18 east, and running east confines itself to townships lO 
and 11, and discharges into Rio Pecos. 

North Spring Jiiver.-^TluB stream rises in section 36, township 10 sonth, of range 23 
east, from monstrous springs. Twenty yards from the head this stream is fully 40 
ffect wide and averages tliat for a distance of about 4 miles running eastwanlly, 
where it empties into the Rio Hondo, in section 34, township 10, range* 24 east. There 
are two wMght falls in the course of this river. It runs smoothly, without any rush. 
The water is limestone, with an almost imperceptible tinge of gj'psum. It is clear 
and limpid, with a depth of 2 to 4 feet. K6 watershed* and it has never varied (rising 
or falling) 1 inob within the memory of the oldest citizens. There are no rooks of 
importance at its head or aiong its banks. The volume of water is increased along 
its rontA^ or along its banks. The volume of water is increased along its route by 
Keveral valualil<^ springs. 

South Sprintf A'lrer.— This river rises in section 22, township 11 south, of range 24 
east. The description of North Spring River will apply to South Spring River, ex- 
cept that it is deeper, not so broad, the water ruus much swifter, clear, same class of 
water, no rocks, carries about the same volume, no important rise or fall, is about 5 
miles long, ruus north of east, and empties into the Rio Hondo in section 9, township 
11, range 25, 700 yards from the Rio Pecos. 

Middle Hernando River, — This river rises in section 5, township 10 sontb, range 24 
east, from springs. It is about one-half the size of North Spring River, runs more rap- 
idly, same class of water, few rocks, very seldom rises, always full supply, tbrms con- 
fluouce with tbe North Bernando Spring in section 14, and South Bernando River in 
section 22, township 10, range 24, empties into Rio Hondo in section 85, township 10, 
range 24. 

North Bernando /^ii'er.— This spring is in section 11, township 10, range 24. It sap* 
plies water to irrigate two ^rood farms and swells the Middle Bernando River in sec- 
tion 14. Length of stream about 500 yards. 

South Bernando Spring. ^HiacB in section 17, township 10, range 24 easft, (torn 
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■prings. Carnee nearly as mucli water as the North Bemando ; same class. .Descrip- 
tioo of latter named will describe this. The above three Bemandos deiKwit their 
wnters in the Bio Hondo. 

BUUr Creek and Spring$,—ThiB creek comes fi'om a lake in section 9, township 10 
sooth, of range 25 east. This lake is fed from subterranean sources. The ▼alley 
abonnds in sprin^^ and they feed this creek along its source. There is another (nam^ 
less) creek which runs into the Rio Pecos a (^istance of about 400 yards) in section 
15. This (Bitter) creek is about 3 miles long and empties into the Rio Pecos in sec- 
tion 2d, township 10 south, 25 range east. Water strongly alkali. Sufficient water 
for a half dozen farms ; three in oneratioo. 

Seven-Mile Spring, — This is 7 miles south of the mouth of Rio Hondo. A continna- 
tion of very free spring, capable of supplying water for three or four farms^ It rises 
in section 13, township 12 south, of range 25 east, and runs' into the Rio Pecos in 
section 20, township 12 south, of range 25 east. Empties into Rio Pecos in section 33, 
township 12 south, range 26 east. Splendid water; no rocks. 

Nine- Mile Spring. — Mine miles ^south of Rio Hondo. Rises in section 31, township 
12 sontb, of range 26. Empties into Rio Pecos, in section 33, township 12 south, 
range 26 east. Facsimile of Seven-Mile Spring. 

Bio Ff/lz. —This stream empties into Rio Pecos in section 35, township 13, range 
S6. It rises in the mountains more than 50 miles west of the Pecos^ runs a tine stream 
of water for 4 or 5 miles, sinks and rises again a considerable stream within 3 or 4 
miles of the Pecos. Fine waters, 25 feet broad (in pools), 3 miles from Pecos. Sub- 
ject to sudden freshets from its head. 

Bio Penaseo. — Rises^ in the mountains 68 miles west of the Pecos, runs 8 miles, 
sinks, rises again in section 18, township 18, south of range 26 east. Plenty of water 
at head ; size and class of South Spring River. However, acequias have been taken 
oat at the sinks, and it is said that cattle have trodden it down so that water runs 
some 30 miles in old bed. The land is being rapidly located. 

I have taken you dowp the Rio Pecos some 50 miles, and have left out many 
springs and living lakes. I could go on to Seven Rivers, Rocky Arroyo, Black River, 
Delaware River, Qrape Sprin;;s, and varions minor streams, springs, and lakes. The 
water sinks in several of them, but often rises again. One branch of Seven Rivers 
runs under a mountain and disappears. The banks of the Rio Pecos are studded 
with excellent springs. One spring (although on both sides of the Pecos) yields more 
water than the supply of the city of Denver. 

Sodtb of the Texas-New Mexican border the basin formation again 
approaches the mountains, and the Pecos Biver flows over it for a dis- 
fance of about 75 miles. The water from the mountain rocks is proba- 
bly imbibed when it reachi^ this softer and more unconsolidated for- 
mation, and is tapped by artesian wells at Pecos City and Toyah. 

A third and remarkable illustration of the occurrence of the water in 
the massive limestones of the arid regions is found in northern New 
Mexico, near the Villa de Musquez de Santa Bosa, where magnificent 
springs of great volume flow from the limestone foothills of the Sierra 
de Santa Rosa. These springs furnish the beautiful body of water which 
flows down the Bio de Sabiuas and afford a sufiicient quantity for irri- 
gation to support" an agricultural population of 50,000 people in a region 
which would otherwise be a total desert. 

It is an interesting fact to note that these hard limestones of the 
Sierra de Santa Bosa are simply the metamorphosed chalks of the 
Texas region (Comanche series). 

The limestone springs of this formation in the Indian Territory, while 
not attaining the size of those of other regions mentioned are neverthe- 
less numerous and abundant, furnishing a large volume of water which 
drains off southward into the Bed Biver, that stream having hardly a 
tributary on its south side worthy of mention east of the Wichita, the 
drainage from almost its very banks flowing southward into the Trinity. 
The main limestone springs of the Indian Territory are near Fort Sill, 
at Cache Creek, near Old Fort Arbuckle, at Woodford and around Wild 
House, Caddo, and the Washita. 

The limestone springs of central Texas. — In the counties of Lampasas 
and San Saba erosion of the Colorado San Saba and Llano drainage 
has cat through the chalky and softer Comanche strata to the hard 
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limestones of the Oarboniferons and Silurian strata firom which magnifi- 
cent springs flow in great volume/ These springs, especially those at 
Lampasas, are among the lowest and most beautiful natural phenomena 
in our country and worthy of every traveler's attention. 

Tbey burst out of the limestone fissures in such volume that large 
streams flow from them, which are utilized for extensive water power. 
Tbey are well described in Mr. Boessler's statistical paper.* 

In conclusion, I need only say that in the foregoing pages I have 
only outlined for the Southwest the underlying principles of tiie water 
question as known to-day. Many details have been necessarily omitted, 
and many of the areas discussed have been only partially reconnoi- 
tered, and with the exception of the eastern part none thoroughly ex- 
plored. 

The question of the application of this water to irrigation is left en- 
tirely to the irrigation engineers, and to the special agent in charge of 
the reports, of whom most valuable practical information may be ob- 
tained. 

* Letter from the Secretary of Agricultaiey transmitting a reporton the preliminary 
investigation to determine the proper location of artesian weUs within the area of 
the ninety-seventh merMian and east of the foothills of the Rocky Mountains, August 
21, 1B90 ; R. J. Hinton, special agent in charge. Senate Ex. Doc. No. 2^, Fifty-tirst 
Congress, first session ; Report of F. £. Roesler, C. £. division, field agent for Texas, 
pp. 243-319. 
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